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Introduction and Acknowledgments

The purpose of this publication isto make an extended price history for awide range of metals available in a sngle document.
Such information can be useful for the analysis of mineral commodity issues, aswell asfor other purposes. The chapter for each
mineral commodity includes a graph of annual current and constant dollar prices for 1959 through 1998, where available; alist
of significant events that affected prices; abrief discussion of the metal and its history; and one or more tables that list current
dollar prices.

In some cases, the “metal prices’ presented herein are for some aternative form of an element or, instead of aprice, a vaue,
such as the Customs value for an import as appraised by the U.S. Customs Service. Also included are prices for sted, stedl
scrap, and iron ore—steel because of its importance to the elements used to alloy with it and steel scrap and iron ore because
of their use in stedlmaking. A few minor metals, such as potassium, sodium, and strontium, for which the price historieswere
insufficient, were excluded.

The annual prices given may be averages for the year, yearend prices, or some other price as appropriate for a particular
commodity. Certain trade journal s have been the source of much of this price information—American Metal Market, Chemical
Market Reporter, Engineering and Mining Journa, Industrial Mineras, Metal Bulletin, Mining Journa, Platt's Metals Week,
Roskill Information Services Ltd. commodity reports, and Ryan’s Notes. Some of these have issued annual price compilations
or booklets. Price information also isavailable in such publications of the U.S. Geological Survey (USGS) and the former U.S.
Bureau of Mines (USBM) asMinerdsY earbook, Mineral Industry Surveys, Mineral Commodity Summaries, and Mineral Facts
and Problems. In addition to the prices themsealves, these journals and publications contain information relevant to price that
has been helpful in the preparation of this publication.

Prices in this report have been recast in 1992 constant dollars to show the effects of inflation as measured by the Bureau of
Labor Statistics' Consumer Pricelndexfor All Urban Consumers, awidey used measure of overdl inflationin the United States.
These prices are not tabulated, but atable of the deflators used is given as an appendix. Constant dollar prices can be used to
show how prices have kept pace with inflation. |f, over time, prices do not increase as fast or faster than the rate of inflation,
then prices that producers receive will have less purchasing power. An example of different rates of growth can be seen in the
current and 1992 dollar pricesof copper. U.S. copper pricesincreased at an average annual rate of 4.4% between 1970 and 1997,
but when recast in 1992 dollars, they declined at an average annual rate of -1.0%.

This publication is an update and revision of a 1993 publication by the USBM, Meta Prices in the United States Through
1991. Copies of the 1993 publication, which presented more background information and price history than the present
publication, may be ordered from the National Technical Information Service (NTIS); the NTIS order number is PB97-
120794INZ. Historical information on U.S. prices for a more-limited group of metals also can be found in other publications,
such as Potter and Christy (1962) and Manthy (1978).

The individual chapters in this publication were prepared by mineral commodity specialistsin the USGS and edited by Janet
Sachs. Micheal George prepared the tables and graphs. George Swisko provided guidance on price indices. Layout was done
by Georgetta Russell, and the cover was designed by Sherry Musick.

References Cited

Manthy, R.S., 1978, Natural resource commodities—A century of statistics—Prices, output, consumption, foreign trade, and
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Aluminum
by Patricia A. Plunkert

Annual Average Primary Aluminum Price
(Dollars per pound)
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YEAR
Significant events affecting aluminum prices since 1958
1971-74 Price controls
1973-75 Organization of Petroleum Exporting Countries (OPEC) oil embargo and sharp recession
1986-88 Worldwide supply shortages

1991 Dissolution of the Soviet Union

Aluminum metal was first isolated by Hans Christian
Oersted in 1825. As late as the early 1880's, it was
considered to be a semiprecious metd and was sold in troy-
ounce quantities; the retail price of aluminum metal was
reported to be higher than that of silver. A commercialy
viable large-scale production method had yet to be devel oped.
Domestic production levels during this period were in the
1,000- to 3,000-troy-ounce range, and many uses were
considered to be experimental (Mining Engineering, 1987).

In 1886, formal patent applications were filed for the
eectrolytic reduction process for aluminum. This process,
which came to be known as the Hall-Heroult process, led to
the mass commercia production of aluminum metal. Asthe
process was developed and refined, production levels
increased rapidly. By 1895, domestic production levels had
reached 1 million pounds. As production levels continued to
increase, domestic producers kept the price of aluminum low
to encourage itsuse by consumers. In the early 1900's, they



held aluminum metal prices at alow steady level to compete
against copper in the electrical industry (U.S. Department of
Commerce, 1956, p. I1.1-11.4).

With the outbreak of World War | in Europe in 1914,
shortages of aluminum metal began to appear, and prices
began to rise dramatically because of the increased demand
for auminum in war materials, which included airplanes and
munitions. In March 1918, the President imposed price
controls on aluminum meta, and the use of aluminum for
military equipment and essentia civilian needs was placed
under Government regulation (Hill, 1921).

The 1920's saw the demand for auminum metal
expanding, especidly in the growing domestic automobile
industry. The advent of the Great Depression, however,
brought about ageneral decrease in demand for duminum in
all sectors of the economy, especiadly in the automobile and
aircraft industries.

In 1939, the production and consumption of aluminum
shattered all previous records, enhanced by the preparations
for national defense and the expanding conflictsin Europe and
Adsa. The aviaion industry alone consumed twice the
guantity of aluminum asin 1937, the previous peak year. In
1940, producers lowered the price for auminum to give the
metal a better price relation to competing materials. During
the war years, aluminum prices were placed under formal
control and held at $0.15 per pound (U.S. Department of
Commerce, 1956, p. 1V.6).

After the war, the aluminum industry benefited from its
price advantage over copper and other nonferrous metals.
Aluminum, which was cheaper and more readily available
than some other metals, was used in new applications and
made substantial inroads in the construction and trans-
portation industries.

Rearmament programsduringthe K orean conflict increased
the demand for auminum. In 1951, the allocation of
aluminum supplies and the price of aluminum metal were
again placed under Government control (Blue, 1954, p. 137-
138). At the end of the conflict, domestic aluminum
producers began an aggressive program to develop civilian
uses for auminum metal.

During the 1960's, duminum prices remained relatively
stable in the low- to mid-$0.20-per-pound range. Capacity
increases were able to keep pace with the continuous growth
in demand during this period.

In the early 1970’s, the price for aluminum, as well as for
other metals, was controlled by the Cost of Living Council in
an attempt to check inflation. As these controls were
gradudly removed during 1974, prices rose to reflect the
increased cost of energy brought about by the surge in world
oil prices.

In the late 1970's and throughout the 1980’s, aluminum
prices, for the most part, reflected the law of supply and
demand. During the early 1980's, the aluminum industry
suffered from aperiod of oversupply, high inventories, excess
capacity, and weak demand, causing aluminum prices to
tumble. By 1986, however, excess capacity had been
permanently closed, inventories werelow, and the worldwide
demand for aluminum made a dramatic surge upward. This
extremely tight supply-demand situation, which continued
throughout 1987 and 1988, brought about a dramatic increase
in auminum prices.

During the 1990’ s, however, the speculative effect of the
futures market began to exert its presence on aluminum
prices. Prices were not only reacting to the laws of supply
and demand, but a so to the perceived direction of the market
as reflected on the futures exchanges.

In the early 1990's, the mgjor influence on auminum
prices was the dissolution of the Soviet Union. To generate
hard currency, large quantities of Russian aluminum ingot
entered the world market. Unfortunately, the aluminum
market had just entered an economic downturn and was
unable to absorb the Russian materid. This period of
oversupply, decreasing demand, and increasing inventories
depressed world aluminum prices.

By the mid-1990's, production cutbacks, increased
demand, declining inventories, and the perceived
improvement in the world market led to a dramatic rebound
in aluminum prices. Prices began to cycle downward again
during the late 1990's as the economic crisis in the Asian
market exerted pressure on the prices of several commodities,
including duminum. Once again, the aluminum market was
entering a period of oversupply. The perceived downward
influences of the Asan crisis, however, may have hastened
the decline in prices before the actual oversupply condition
occurred in the marketplace.

Refer ences Cited
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p. 178-180.
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for the Office of Defense Mobilization, 320 p.



Annual Average Primary Aluminum Price
(Dollars per pound?)

Year Price Year Price Year Price Year Price
1850 17.00 1888 NA 1926 0.270 1964 0.237
1851 NA 1889 NA 1927 0.254 1965 0.245
1852 NA 1890 NA 1928 0.243 1966 0.245
1853 NA 1891 NA 1929 0.243 1967 0.250
1854 NA 1892 NA 1930 0.238 1968 0.256
1855 NA 1893 NA 1931 0.233 1969 0.272
1856 NA 1894 NA 1932 0.233 1970 0.287
1857 NA 1895 0.587 1933 0.233 1971 0.290
1858 NA 1896 0.507 1934 0.234 1972 0.250
1859 NA 1897 0.390 1935 0.200 1973 0.264
1860 NA 1898 0.306 1936 0.205 1974 0.431
1861 NA 1899 0.327 1937 0.199 1975 0.348
1862 NA 1900 0.327 1938 0.200 1976 0.412
1863 NA 1901 0.330 1939 0.200 1977 0.478
1864 NA 1902 0.330 1940 0.187 1978 0.510
1865 NA 1903 0.330 1941 0.165 1979 0.707
1866 NA 1904 0.350 1942 0.150 1980 0.761
1867 NA 1905 0.350 1943 0.150 1981 0.598
1868 NA 1906 0.358 1944 0.150 1982 0.468
1869 NA 1907 0.450 1945 0.150 1983 0.683
1870 NA 1908 0.287 1946 0.150 1984 0.611
1871 NA 1909 0.220 1947 0.150 1985 0.488
1872 9.00 1910 0.223 1948 0.157 1986 0.559
1873 NA 1911 0.201 1949 0.170 1987 0.723
1874 NA 1912 0.220 1950 0.177 1988 1.101
1875 NA 1913 0.236 1951 0.190 1989 0.878
1876 NA 1914 0.186 1952 0.194 1990 0.740
1877 NA 1915 0.340 1953 0.209 1991 0.595
1878 NA 1916 0.607 1954 0.218 1992 0.575
1879 NA 1917 0.516 1955 0.237 1993 0.533
1880 NA 1918 0.335 1956 0.240 1994 0.712
1881 NA 1919 0.321 1957 0.254 1995 0.859
1882 NA 1920 0.327 1958 0.248 1996 0.713
1883 NA 1921 0.221 1959 0.247 1997 0.771
1884 NA 1922 0.187 1960 0.260 1998 0.655
1885 NA 1923 0.254 1961 0.255

1886 NA 1924 0.270 1962 0.239

1887 8.00 1925 0.272 1963 0.226

NA Not available
1 To convert to dollars per metric ton, multiply by 2,204.62.

Note:

1850-94, in U.S. Geological Survey Minerals Yearbooks and predecessor volumes.

1895-98, 98%-pure aluminum, in American Bureau of Metal Statistics.

1899-1900, 99%-pure aluminum ingot, in American Bureau of Metal Statistics.

1901-04, 99.75%-pure aluminum ingots in 2,000-pound lots, in American Bureau of Metal Statistics.

1905, 99.75%-pure aluminum ingots in 2,000-pound lots, in American Metal Market/Metal Statistics, 1955.

1906-19, 99%-pure No. 1 aluminum ingots, in American Metal Market/Metal Statistics, 1955.
1920-21, 98%- to 99%-pure aluminum, in American Metal Market/Metal Statistics, 1955.
1922-28, 98%-pure aluminum metal, in American Metal Market/Metal Statistics, 1955.
1929-35, 99%-pure aluminum metal, in American Metal Market/Metal Statistics, 1955.
1936-54, 99%-plus pure aluminum virgin ingot, in American Metal Market/ Metal Statistics, 1955.
1955-56, 99%-pure aluminum virgin ingot, in Engineering & Mining Journal.

1957-71, 99.5%-pure unalloyed aluminum ingot, in Engineering & Mining Journal.

1972, 99.5%-pure unalloyed aluminum ingot, in Metals Week.

1973-82, U.S. market spot price, in Metals Week.

1983-92, 99.7%-pure aluminum ingot, U.S. market spot price, in Metals Week.

1993-98, 99.7%-pure aluminum ingot, U.S. market spot price, in Platt's Metals Week.
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Antimony
by James F. Carlin, Jr.

Annual Average Antimony Price
(Dollars per pound)

—— 1992 dollars
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DOLLARS
w

2 N W :

1 rmm[ -

1959 1962 1965 1971 1974 1977

1980

1983 1986

1989

1992 1995 1998

YEAR

Significant events affecting antimony prices since 1958

1970 High demand and short supply worldwide, resulting in a price spike
1974 High demand and short supply from China, resulting in a price spike
1994-95 Severe short supply from China, resulting in a price spike

Antimony metal accounts for only a small fraction of the
antimony consumed in the United States. It is used for a
variety of aloys, includingthose in lead-acid storage batteries
and in specia solders for joining pipes that carry potable
water. Domestically, most antimony isconverted to antimony
trioxide, which is primarily consumed in the flame-retardant
industry, finding application in such usesas children’ sclathing
and aircraft seats. The mgor producers, in order of
importance, are China, Bolivia, Russia, and South Africa.
During the past 40 years, antimony has been subject to afew

periods of extreme price swings. Generaly, these have been
the result of spikes or declinesin the American and/or foreign
demand for antimony or changes in the pattern of the world
production—where supply disruptions in any of the major
producing countries can cause a marked price change. In
1970, a combination of high worldwide demand and short
supply from afew countries caused aconsiderable price spike
in the early part of that year; the price quickly subsided by
yearend. In 1974, sharply increased demand, especially for
antimony trioxide, and supply disruptions from China



combined to produce the highest antimony price recorded up alevel, in 1998, that had not been seen in 25 years.

to that time. During the next 20 years, prices generaly

subsided. By 1994, China had clearly emerged as the Reference Cited

predominant world antimony producer. That year and the

followingyear, severefloodingin the antimony miningregions Roskill Information Services Ltd., 1997, The economics of
of China produced major supply dislocations that caused the antimony: London, Roskill Information ServicesLtd., 184 p.
price to triple within 2 years (Roskill Information Services

Ltd., 1997, p. 172-179). After 1995, the price fell steadily to

Annual Average Antimony Price
(Dollars per pound?)

Year Price Year Price Year Price Year Price
1900 0.095 1925 0.175 1950 0.290 1975 1.770
1901 0.082 1926 0.159 1951 0.440 1976 1.650
1902 0.061 1927 0.123 1952 0.440 1977 1.780
1903 0.060 1928 0.103 1953 0.360 1978 1.150
1904 0.064 1929 0.089 1954 0.310 1979 1.410
1905 0.102 1930 0.077 1955 0.320 1980 1.510
1906 0.217 1931 0.067 1956 0.360 1981 1.360
1907 0.148 1932 0.056 1957 0.350 1982 1.070
1908 0.080 1933 0.065 1958 0.320 1983 0.910
1909 0.075 1934 0.089 1959 0.310 1984 1.510
1910 0.074 1935 0.136 1960 0.310 1985 1.310
1911 0.075 1936 0.122 1961 0.340 1986 1.220
1912 0.078 1937 0.154 1962 0.350 1987 1.110
1913 0.075 1938 0.124 1963 0.350 1988 1.040
1914 0.088 1939 0.124 1964 0.420 1989 0.940
1915 0.303 1940 0.140 1965 0.460 1990 0.820
1916 0.254 1941 0.140 1966 0.460 1991 0.820
1917 0.207 1942 0.156 1967 0.460 1992 0.790
1918 0.126 1943 0.159 1968 0.460 1993 0.770
1919 0.082 1944 0.158 1969 0.580 1994 1.780
1920 0.085 1945 0.160 1970 1.440 1995 2.280
1921 0.050 1946 0.170 1971 0.710 1996 1.470
1922 0.054 1947 0.340 1972 0.590 1997 0.980
1923 0.078 1948 0.370 1973 0.690 1998 0.718
1924 0.108 1949 0.390 1974 1.820

1 To convert to dollars per metric ton, multiply by 2,204.62.

Note:

1900-36, New York dealer price for 99.30%- to 99.50%-pure antimony, in Engineering and Mining Journal.
1937-66, New York dealer price for 99.30%- to 99.50%-pure antimony, in E&MJ Metal and Mineral Markets.
1967-81, New York dealer price for 99.30%- to 99.50%-pure antimony, in Metals Week.

1982-93, New York dealer price for 99.50%- to 99.60%-pure antimony, in Metals Week [through June 14, 1993].
1993-98, New York dealer price for 99.50%- to 99.60%-pure antimony, in Platt’s Metals Week.
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Arsenic
by Robert G. Reese, Jr.

Yearend Arsenic Metal Price
(Dollars per pound)
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Significant events affecting ar senic prices since 1958

Contraction in production capacity as plants that do not meet health and environmental standards are closed

1972-74 Consumption in lead-acid batteries growing; domestic production resumesin 1974
Mid-1970's Hearings on effects of arsenic on health and environment

1980

1986 Domestic production ceases

A widely distributed element, arsenic is often found
associated with various nonferrous metal ores. Although not
a producer at present, historicaly, the United States has
produced arsenic. The first domestic production, which was
abyproduct of the smelting of gold and silver ores, came near
the beginning of the 20™ century (Greenspoon, 1976, p. 99).

Most of the arsenic used domestically is consumed as the
trioxide, mainly in the manufacture of preservatives for
pressure-treated wood but aso in the manufacture of herb-

icides. The amount of arsenic consumed as metal
domestically is very small, accounting for probably less than
3% of total arsenic demand. The major end usesfor arsenic
metal are as minor additives in nonferrous metal alloys,
principaly lead alloys used in lead-acid storage batteries and
certain copper aloys.

During the early 1970's, demand for arsenic metal was
growing, mainly in response to the increased use of the metal
in the grids of lead-acid batteries. Inthemid-1970's, the price



stabilized. After 1980, induced by an ample supply and a static or
During this time, however, the United States and other possibly declining demand, the arsenic metal price began a

countries began hearings on the health and environmental long decline. Domestically produced metal was unavailable

impacts of arsenic exposure. During the late 1970's, various after 1986, and China became the sole world source of metdl.

domestic and foreign regulations related to arsenic exposure

and emissions were adopted. The arsenic metal price peaked Reference Cited

in 1980 as world producersraised their prices partly to com-

pensate for the cost of modernizing their plants and partly in Greenspoon, G.N., 1976, Arsenic,in Mineral factsandproblems:

response to the dimination of some capacity by producers U.S. Bureau of Mines Bulletin 667, p. 99-106.

unable or unwilling to modernize their plants.

Yearend Arsenic Metal Price®
(Dollars per pound?)

Year Price Year Price Year Price Year Price
1959 0.50 1969 0.56 1979 1.90 1989 NA
1960 0.50 1970 0.64 1980 3.00 1990 NA
1961 0.50 1971 0.64 1981 2.75 1991 NA
1962 0.50 1972 0.75 1982 2.45 1992 0.73
1963 0.50 1973 0.98 1983 2.25 1993 0.53
1964 0.50 1974 1.91 1984 2.10 1994 0.90
1965 0.56 1975 1.60 1985 2.10 1995 0.70
1966 0.56 1976 1.75 1986 1.85 1996 0.58
1967 0.48 1977 1.90 1987 NA 1997 0.45
1968 0.56 1978 1.90 1988 NA 1998 0.46

NA Not available.
1Prices are rounded to the nearest whole cent. Prices are shown as midpoints in a range where appropriate.
2 To convert to dollars per metric ton, multiply by 2,204.62.

Note:

1959-74, London prices for 99.5%-pure metal, in Metal Bulletin.

1975-86, U.S. producer prices for 99%- to 99.5%-pure metal, in Metals Week.
1992-98, London prices for minimum 99%-pure metal, in Metal Bulletin.
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Beryllium
by Larry D. Cunningham

Yearend Average Beryllium Metal Price
(Dollars per pound)
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Significant events affecting beryllium prices since 1958

1969 Bertrandite mine established in the United States providing a significant raw materials source

1977 Effects of inflation rates, increased energy costs, and additional costs associated with complying with air emission
standards results in increased prices

1979 Beryllium metal price set by one producer

1988 Purchase of beryllium metal for the National Defense Stockpile (NDS)

1990 Conversion of NDS beryl oreto beryllium metal for the NDS

1991 Recession, dissolution of the Soviet Union

Beryllium is one of the lightest of dl metals and has one of
the highest melting points of any light metal. Beryllium has
physical and chemica properties, such as its stiffness, high
resistance to corrosion from acids, and high thermal
conductivity, that make it useful for various applicationsin its
dloy, oxide, and metallic forms. Beryllium metal is used
principally in aerospace and defense applications because of
itsstiffness, light weight, and dimensional stability over awide

temperature range. Beryllium-copper aloys are used in a
wide variety of applications because of their electrical and
thermal conductivity, high strength and hardness, good
corrosion and fatigue resistance, and nonmagnetic properties.
Beryllium oxide is an excellent heat conductor, with high
strength and hardness, and acts as an electrical insulator in
some applications. The United States, one of only three
countries that process beryllium ores and concentrates into



beryllium products, suppliesmost of the rest of theworld with
these products (Cunningham, 1997). Because of its use in
aerospace and defense applications, berylliumis classified as
“critical and strategic,” and over the years, various beryllium
materials have been purchased for the NDS. Stedl, titanium,
phosphor bronze, and aluminum nitride can be substituted for
beryllium in some applications but usualy at a performance
penalty. The quoted price for beryllium metal during most of
the 1980's and 1990’s, as presented in the table and graph,
may not reflect true transaction prices for the material. The
quoted prices reflect the more high-end/high-purity form of
the material.

In 1956, the Atomic Energy Commission awarded 5-year
contracts to two domestic companies for each to produce
about 45 metric tons (t) of beryllium annualy (Eilertsen,
1958). Beryllium metal was also considered for aircraft
structural components and components in inertial guidance
systems for advanced missiles. These new applications
increased beryllium metal demand, which led to improve-
ments in beryllium processing and a reduction in price.

Prior to 1970, the United States was nearly 100% import
dependent for its beryl ore needs. In 1969, however, a
bertrandite mine opened in Utah that provided alarge secure
source of domestic raw material supply (Petkof, 1985).
During most of the 1960’s, the price for beryllium meta
remained stable.

By 1977 and continuing through the 1990’s, the effects of
inflation rates and rising operating costs were reflected in
increased beryllium prices.  Energy requirements for
producing beryllium metal are high. Processing requires the
use of induction furnaces that consume large quantities of
energy. Also, because of the toxic nature of beryllium, the
industry must maintain careful control over the quantity of
beryllium dust and fumesin the workplace. Under the Clean
Air Act, the U.S. Environmental Protection Agency issues
standards for certain hazardous air pollutants, including
beryllium, and the Occupational Safety and Health Admin-
istration issues standards for airborne beryllium particles. To
comply with these standards, plants are required to ingtall and
maintain pollution control equipment. Beryllium dust and
fumes have been recognized as the cause of beryllosis, a
serious chronic lung disease. Although the exact cause of the
disease is uncertain, the problem appears to be controlled
when established preventative measures are exercised. In
beryllium-processing plants, harmful effects are prevented by
maintaining clean workplaces; requiring the use of safety
equipment, such as personal respirators; collection of dust,
fumes, and mists at the source of depositionin dust collectors;
medical programs; and other procedures to provide safe
working conditions (Rossman, Preuss, and Powers, 1991;
Kramer, 1994). Thiscontrol of potential heath hazards adds
to the cost of beryllium metal and other beryllium products.
The additional costs are ultimately passed on to the consumer
in the form of increased prices.

In 1979, one of two domestic beryllium producers

10

discontinued beryllium metal production, leavingthe price of
the metal to be set by one company (Petkof, 1980). In 1988,
the U.S. Government purchased about 27 t of “vacuum hot-
pressed beryllium billets” worth an estimated $19 million; the
metal was delivered to the NDS by yearend 1989 (Kramer,
1990). The average unit value for the NDS metal was about
$317 per pound. The quoted pricefor beryllium metal powder
at yearend 1988 and yearend 1989 was $244 per pound and
$261 per pound, respectively. In 1990, the Defense Logistics
Agency awarded a contract to convert some of the beryl ore
contained inthe NDSto vacuum hot-pressed beryllium billets.
The contract was extended through 1992 for a combined total
of 73 t of beryllium metal, valued at about $46 million,
recovered from about 2,940 t of NDS beryl ore (Kramer,
1993, 1994). The overal unit value of the NDS metal, about
$287 per pound, was comparable to the price being quoted
for beryllium metal powder from yearend 1990 to yearend
1994, which ranged from $269 per pound to $295 per pound.
Ddliveries of the metal to the NDS were completed in the
second quarter of 1994,

The beryllium metal purchase and beryl ore conversion
came at a time of declining beryllium metal consumption,
caused by reduced spending for strategic defense programs.
The jump in price in 1995, shown in the graph, reflects a
change in the nature of the price quotation, not any single
causal event. Beryllium metal currently averages about 10%
of annua U.S. beryllium demand compared with about 20%
in the early 1990's. With applications primarily in the
aerospace and defense sectors, thedissolution of the U.S.S.R.
in 1991 contributed most to the decline in beryllium metal
demand as defense strategic plans changed. The sole U.S.
beryllium metal producer, however, continues to develop
purer metal with improved physical properties for its
customers.

The major end use for beryllium—in beryllium-copper
alloys for springs, connectors, and switches for use in such
applications as automobiles, aerospace, and computers—
averages about 75% of total annual U.S. consumption of
beryllium on a beryllium metal equivalent basis. For
comparison purposes with metal, the quoted price for
beryllium-copper master aloy (BCMA) has remained
unchanged since August 1987 at $160 per pound of contained
beryllium. 1n 1998, the U.S. Department of Defense (DOD)
initicted the sde of BCMA from the NDS. From May
through November, the DOD sold about 1,190 t of BCMA
valued at about $6.71 million (Defense National Stockpile
Center, 19983, b, ¢). The overal unit price for the BCMA
sales was about $2.55 per pound.
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Yearend Average Beryllium Metal Price
(Dollars per pound*)

Year Price Year Price Year Price Year Price
1947 95.00 1960 70.00 1973 49.00 1986 204.00
1948 95.00 1961 54.00 1974 59.75 1987 229.00
1949 95.00 1962 54.00 1975 59.50 1988 244.00
1950 95.00 1963 54.00 1976 59.50 1989 261.00
1951 95.00 1964 54.00 1977 96.00 1990 269.00
1952 95.00 1965 54.00 1978 103.00 1991 280.00
1953 71.50 1966 54.00 1979 103.00 1992 280.00
1954 71.50 1967 54.00 1980 120.00 1993 295.00
1955 71.50 1968 54.00 1981 148.00 1994 295.00
1956 71.50 1969 60.00 1982 166.00 1995 385.00
1957 71.50 1970 60.00 1983 178.00 1996 385.00
1958 71.50 1971 60.00 1984 178.00 1997 385.00
1959 71.50 1972 60.00 1985 196.00 1998 385.00

1 To convert to dollars per kilogram, multiply by 2.20462.

Note:

1947-52, beryllium, technical grade, in E&MJ Metal and Mineral Markets.

1953-59, beryllium, lumps and beads, 97% beryllium, in American Metal Market (AMM).
1960-68, beryllium, powder or powder blend, 97% beryllium, in AMM.
1969-80, beryllium, powder or powder blend, in U.S. Bureau of Mines, Minerals Yearbook, origin and/or beryllium content unknown.

1981-85, beryllium, powder blend, 97% beryllium, in AMM.

1986-89, beryllium, powder blend, 98.5% beryllium, provided by Brush Wellman, Inc.

1990-94, beryllium, powder blend, 98.5% beryllium, in AMM.
1995-98, beryllium, powder, 99% beryllium, in AMM.
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Bismuth
by Robert D. Brown, Jr.

Annual Average Bismuth Price
(Dollars per pound)
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Significant events affecting bismuth prices since 1958
1959-64 Prices set by producers
1970-74 Major increase in demand for bismuth as a metallurgical additive to aluminum, iron, and steel caused price to reach an
al-timehigh
1975-81 World production grew faster than consumption
1980 Bolivia ceased production, ASARCO I ncorporated suspended producer price
1980-82 Economic recessions
1984 Bismuth consumption increased, especially in the United States and Japan
1988 Miners' strikes cut off all shipments from Peru for several months
1989-90 U.S. consumption decreased, especially for metallurgical additives and chemicals; this, combined with increased
imports, large world stocks, impending releases from Government stockpiles, and dealer reaction, caused the price to
drop, in spite of bismuth'sincreasing potential for replacing lead in environmentally sensitive applications
1990 U.S. Department of Defense (DOD), having lowered the goal for bismuth in the National Defense Stockpile (NDS)
from 990 to 480 metric tons, began selling the excess bismuth
1992 DOD announced plansto sell all bismuth remaining in the NDS within a 10-year period
1996 Amendmentsto 1986 Safe Drinking Water Act; U.S. Fish and Wildlife Service gave final approval to Bi97%-Sn shot
for waterfowl! hunting; Asarco announced impending closure of the Omaha, NE, plant (the sole producer of primary
bismuth in the United States)
1997 Omaha plant closed in June, the NDS exhausted its supply of bismuth in November
1998-99 Low prices reduced bismuth to coproduct status with gold, copper, and tungsten at the TasnaMinein Boliviaand

delayed reopening
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Demand for bismuth in the United States wassmall prior to
World War Il. The chief use was for medicines; bismuth
compounds were used to treat such conditions as digestive
disorders, venerea diseases, and burns. Minor amounts of
bismuth were consumed in fusible aloys for fire sprinkler
systems and fuse wire. Bismuth has aways been produced
mainly as abyproduct of lead refining. The price, which was
controlled by the major producers until the mid-1960's,
usualy reflected the cost of recovery. In World War I,
bismuth, considered to beastrategic and critica materia, was
used for solders, fusible aloys, and medicationsandin atomic
research. To stabilize the market, the producers set the price
at $1.25 per pound during the war and at $2.25 per pound
from 1950 until 1964 (U.S. Bureau of Mines, 1966).

Inthe early 1970’s, demand for bismuth as a metallurgica
additive to aluminum, iron, and steel increased rapidly. This,
combined with increased consumption in other categories,
caused the producer priceto increase dramatically in 1974 to
a peak of $12.00 per pound in June. By August, the price
dropped back to $9.00 per pound and remai ned there through
the rest of the year. For the complete year 1974, the 21%
decrease in domestic demand affected all categories of
consumption (Wyche, 1976).

This was followed by 7-year decline in prices owing to
increased world production with little growthin consumption.
Asarco, the only domestic producer, suspended its list price
on October 1, 1980. Until then, the annual average price
reported was the Asarco price for 99.99%-pure bismuth.
After 1980, the New Y ork dealer price was reported (Carlin,
1981).

In Bolivia, the only country where bismuth was mined as
aprincipal product, it was not possible to make a profit at the
lower prices, and production virtually ceased in 1980 (Metal
Bulletin, 1982). Duringthe recessions of 1980 and 1981-82,
declining domestic consumption and an excess of stocks held
by world producers caused the price to drop to alow of $1.30
per pound in January 1983.

In 1984, the price began to climb asconsumptionincreased
worldwide, especidly inthe United Statesand Japan. In 1988,
a series of miners strikes in Peru, one of the largest
producers of bismuth in the world, cut off dl shipments for
several months (King, 1988; Mining Journal, 1988). Thisled
to the price reaching nearly $7 per pound, even though
domestic consumerswere able to compensate for this loss by
obtaining bismuth elsewhere.

In late 1989, the price of bismuth began to drop owing to
lower consumption, increased imports, large world stocks,
and dealer reaction to the plan to sell 510 tons of the bismuth
in the NDS within 10 years (American Metal Market, 1990).
The Defense Logistics Agency (DLA) sold morethan 59 tons
from the NDS in 1990 and more than 57 tonsin 1991. U.S.
imports aso increased in 1989 and 1990, which further
increased the supply of bismuth and helped keep the price
near $3.00 per pound. 1n 1992, the DLA released 91 tons of
bismuth from the NDS and announced a new plan to release
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the remaining 740 tons during aperiod of 10 years (Jasinski,
1993).

In the early 1990's, research began on the evaluation of
bismuth as a nontoxic replacement for lead in such uses as
ceramic glazes, fishing sinkers, food-processing equipment
(Murray, 1993), free-machining brasses for plumbing
applications (Feder, 1991), lubricating greases, and shot for
waterfowl hunting (Lowry, 1993). During the middlie 1990's,
growth in these areas remained dow in spite of direct or
indirect Government backing of bismuth for lead replacement.
The 1996 Amendmentsto the 1986 Safe Drinking Water Act
require lead-free plumbing for new installationsand repairs of
facilities providing potable water by August 1998. Also, the
U.S. Fish and Wildlife service gave final approval for the use
of bismuth-tin shot for waterfowl hunting (U.S. Fish and
Wildlife Service, 1997). 1n 1997, after extended negotiations
with local and Nebraska State authorities on environmental
remediation, Asarco closed itsOmaha smelter, the only siteof
domestic bismuth production. Alsoin 1997, the DLA sold dll
the bismuth remaining in the NDS (American Metal Market,
1997). Thus, the United States became completely dependent
on imports for its supply of primary bismuth.

At the end of the decade, total demand increased
moderately as consumption for new uses, especially hunting
and plumbing applications, began to increase. Supply
remained adequate and prices remained low. Owing to low
prices for bismuth, the reopening of the Tasna Mine in
Bolivia, closed since 1980, was delayed. When production
starts, bismuth, copper, gold, and tungsten will be coproducts
(Mining Journal, 1999). In the origina plan, bismuth was to
be the main product (Tice, 1997).
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Annual Average Bismuth Price'
(Dollars per pound?)

Year Price Year Price Year Price Year Price
1906 1.25 1930 1.35 1954 2.25 1978 3.38
1907 1.25 1931 1.25 1955 2.25 1979 3.01
1908 1.75 1932 0.85 1956 2.25 1980 2.64
1909 1.75 1933 1.08 1957 2.25 1981 2.52
1910 1.93 1934 1.20 1958 2.25 1982 1.61
1911 2.13 1935 1.05 1959 2.25 1983 1.72
1912 2.03 1936 1.00 1960 2.25 1984 4.27
1913 2.00 1937 1.00 1961 2.25 1985 5.18
1914 2.88 1938 1.05 1962 2.25 1986 3.25
1915 2.88 1939 1.10 1963 2.25 1987 3.65
1916 3.63 1940 1.25 1964 2.30 1988 5.78
1917 3.43 1941 1.25 1965 3.43 1989 5.76
1918 3.43 1942 1.25 1966 4.00 1990 3.56
1919 3.08 1943 1.25 1967 4.00 1991 3.10
1920 2.55 1944 1.25 1968 4.00 1992 2.66
1921 1.95 1945 1.25 1969 4.63 1993 2.50
1922 1.98 1946 1.44 1970 6.00 1994 3.25
1923 2.50 1947 1.98 1971 5.26 1995 3.85
1924 2.03 1948 2.00 1972 3.63 1996 3.65
1925 2.00 1949 2.00 1973 5.25 1997 3.50
1926 3.03 1950 2.06 1974 9.25 1998 3.60
1927 2.30 1951 2.25 1975 8.25

1928 1.98 1952 2.25 1976 7.50

1929 1.70 1953 2.25 1977 6.00

Prices for 99.99%-pure bismuth.
2To convert to dollars per kilogram, multiply by 2.20462.

Note:

1906-23, ASARCO Incorporated, producer price, in U.S. Geological Survey, Mineral Resources of the United States.
1924-31, ASARCO Incorporated, producer price in U.S. Bureau of Mines, Mineral Resources of the United States.
1932-80, ASARCO Incorporated, producer price, in U.S. Bureau of Mines, Minerals Yearbook.

1981-93, New York dealer price, in Metals Week [through June 14, 1993].

1993-98, New York dealer price, in Platt's Metals Week.
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Cadmium
by Jozef Plachy
Annual Average Cadmium Price
(Dollars per pound)
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Significant events affecting cadmium prices since 1958

1961-75 Vietnam War; price trends slowly upward

1971-74 Doubling of price, despite anti-inflation price controls

1973-74 Oil embargo by the Organization of Petroleum Exporting Countries
1980-82 Two recessions (1980 and 1981-82); plummeting price

1982 L owest cadmium price since end the of World War Il

1988

Tight supply of cadmium metal, speculative trading; largest recorded annual increase in cadmium price

Cadmium minerals are not found in commercial quantities.
The metal is produced as a byproduct in the recovery of
primary zinc from zinc ores and aso from some lead or
complex copper-lead-zinc ores. The feed material for
cadmium production consists of fume and dust that are
collected as flue dust in baghouses during the pyro-
metallurgical processing of zinc and residuesthat result from
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electrolytic zinc production. The availability of cadmium is,
in most cases, dependent on the amount of zinc produced.
Germany wasthe only important producer of cadmium until
World War |. Production of cadmium in the United States
began in 1907. By 1917, the United States had become the
world' sleading producer and held that position for more than
50 years. During this period, the price of cadmium was



dictated by either market forces or, during World War 11 and
the Korean Conflict, Government-imposed regulations. The
last of these regulations, enacted during the Korean Conflict,
was revoked on May 15, 1952. Since that time, the price of
cadmium has been determined primarily by supply and
demand.

Following the end of Government regulations, the price of
cadmium metal fluctuated widely between 1953 and 1973,
reflecting the variation in supply and demand. Domestic
prices rose to world price levels in 1973 and increased to
$4.09 per pound by 1974, surpassing the European market
guotations. During the next few years, the price trended
dowly downward despite continuing currency inflation. By
1982, depressed by the recessions of 1980 and 1981-82, the
price had dropped to the lowest level since the end of World
War [1—$1.11 per pound of cadmium metal.

What began as amodest increasein 1986 and 1987 turned
into the largest recorded annual increase of cadmium pricein
1988. By March of that year, the domestic price for a pound
of cadmium metal reached $9.10. The market wassotight in
early 1998 that major producers did not have any material to
sl onthe spot market and would not make any commitments
for near-term sales at a specific price. The priceincrease was
attributed to the tight supply of cadmium, heavy speculative
trading, and world labor disputes, which disrupted the supply
of cadmium metal. The supply squeeze was further affected
by the purchases of large quantities of cadmium by the
nickel-cadmium battery industry, particularly in Japan. For
the first 8 months (after which producers stopped quoting),
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the price averaged $7.90, anearly 300% increasefromthat of
thepreviousyear. Thepricefdl precipitoudy inthefollowing
5 years, dropping to $0.45 in 1993 (U.S. Bureau of Mines,
1993, p. 21-24). Since that year, the pricefor cadmium has
fluctuated between $0.28 and $1.80 per pound of metal.
Some industry analysts attribute the volatility of cadmium
prices to the fact that the price of the 95% of all cadmium
sold under long-term contracts, usudly by primary zinc
producers, is strongly influenced by the 5% of cadmium sold
on the spot market, which is more reflective of supply and
demand.

The price for cadmium in the next severa years will
probably be affected by the proposed ban on cadmium in
some of the major European countries, increasingly strict U.S.
environmental regulations limiting domestic use of cadmium
inal itsforms, and an increased supply of primary cadmium
from zinc smelting and secondary cadmium from recycling
(Organisation for Economic Co-operation and Development,
1997, p. 3-5).
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Annual Average Cadmium Price
(Dollars per pound?)

Year Price Year Price Year Price Year Price
1900 0.65 1925 0.60 1950 2.17 1975 3.36
1901 0.68 1926 0.60 1951 2.55 1976 2.66
1902 0.54 1927 0.60 1952 2.23 1977 2.96
1903 0.53 1928 0.60 1953 2.00 1978 2.45
1904 0.59 1929 0.60 1954 1.70 1979 2.76
1905 0.65 1930 0.60 1955 1.70 1980 2.84
1906 0.76 1931 0.55 1956 1.70 1981 1.93
1907 1.02 1932 0.55 1957 1.70 1982 1.11
1908 0.75 1933 0.55 1958 1.52 1983 1.13
1909 0.52 1934 0.55 1959 1.36 1984 1.69
1910 0.55 1935 0.70 1960 1.52 1985 1.21
1911 0.67 1936 0.98 1961 1.68 1986 1.25
1912 0.76 1937 1.22 1962 1.72 1987 1.99
1913 0.77 1938 0.98 1963 2.26 1988 7.90
1914 0.89 1939 0.64 1964 3.00 1989 6.28
1915 1.19 1940 0.82 1965 2.58 1990 3.38
1916 1.56 1941 0.90 1966 2.42 1991 2.01
1917 1.47 1942 0.90 1967 2.64 1992 0.91
1918 1.48 1943 0.90 1968 2.65 1993 0.45
1919 1.22 1944 0.90 1969 3.27 1994 1.13
1920 1.17 1945 0.90 1970 3.57 1995 1.84
1921 0.98 1946 1.09 1971 1.92 1996 1.24
1922 1.09 1947 1.70 1972 2.56 1997 0.51
1923 0.88 1948 1.83 1973 3.64 1998 0.28
1924 0.70 1949 2.00 1974 4.09

1 To convert to dollars per kilogram, multiply by 2.20462.

Note:

1900-66, Producer price for 99.95%-pure cadmium, in Engineering & Mining Journal.

1967-93, Producer price for 99.95%-pure cadmium, in Metals Week. Major producers suspended price quotes during the last 4 months
of 1988; 1988 price is January to August average.

1994-99, New York dealer price for 99.99%-pure cadmium, in Platt's Metals Week.
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Calcium
by M. Michael Miller

Annual Average Calcium Price
(Dollars per pound)
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Calciumis a soft, light, silvery-white metal. It is abivalent
element of the alkaline-earth group. The metd oxidizes
rapidly in the presence of moisture or in dry air at a
temperature above 285/ C. Cacium reacts readily with
water, forming hydrated lime (calcium hydroxide) and
hydrogen. It melts at 845/ C, boils at 1,420/ C, and can be
purified by distillation in an inert atmosphere or in avacuum.

Calcium metal is produced by an auminothermic reduction
process that begins with high-calcium limestone calcined to
form cacium oxide. The calcium oxideisblended with finely
divided aluminum, and the mixtureis compacted into briquets.
The briquets are placed in retorts and heated in a furnace at
about 1,200/ C under high vacuum. The calcium oxide is
reduced to calcium metal gas, which is collected in the
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water-cooled condenser section of the retort (Hibbins, 1992).

Calcium metal is sold on a contract basis, and the contract
price may vary greatly from the published producer price.
The published prices change infrequently and serve only asa
guide to the prices obtained by producers and dealers. The
priceslistedinthetable are quoted for different quantities (see
footnotes) and cannot be directly compared.

Reference Cited
Hibbins, S.G., 1992, Calciumandcalciumalloys,in Kirk-Othmer

encyclopedia of chemical technology (4™ ed.): New York,
John Wiley & Sons, p. 777-786.



Annual Average Calcium Price
(Dollars per pound?)

Year Price Year Price Year Price Year Price
1959 2.05 1969 2.00 1979 1.89 1989 3.00
1960 2.05 1970 2.00 1980 2.78 1990 2.89
1961 2.05 1971 2.00 1981 3.05 1991 2.50
1962 2.05 1972 2.00 1982 3.05 1992 2.38
1963 2.05 1973 2.00 1983 3.05 1993 2.25
1964 2.05 1974 2.00 1984 3.25 1994 2.25
1965 2.05 1975 2.00 1985 3.92 1995 2.15
1966 2.00 1976 1.33 1986 3.92 1996 2.20
1967 2.00 1977 1.49 1987 3.92 1997 2.20
1968 2.00 1978 1.80 1988 3.85 1998 NA

NA Not available
1 To convert to dollars per kilogram, multiply by 2.20462.

Note:

1959-65, metal, 97%- to 98%-pure, cast in slabs and small pieces, in more than 1-metric-ton lots, in Engineering & Mining Journal,
Metal and Mineral Markets.

1966-75, U.S. producers price, more than 99%-pure, full crowns, in quantities of less than 100 pounds, in Calcium and Calcium
Compounds chapters in the U.S. Bureau of Mines Minerals Yearbook.

1976-88, metal, Ca + Mg 99.5%, Mg 0.7%, full crowns, in quantities of more than 20,000 pounds, in Metals Week.

1989-97, metal, 98% minimum, in Metal Bulletin.
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Cs

Cesum
by Robert G. Reese, Jr.

Annual Average Primary Cesium Price
(Dollars per gram)
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Cesium, the most electropositive and least abundant of of the price. For example, prior to 1960, the prices

the five naturally occurring alkali metals, was discovered
spectroscopicaly in 1860 (Perel’ man, 1965, p. 1). Thefirst
cesium metal was produced in 1881. Because cesium is not
mined domestically, the United States is completely
dependent on imports. Historically, the most important use
for cesium has beenin research and development, primarily
in chemical and electrica applications.

Owing to the smal size of the industry, quoted cesium
prices are those of individual companies. The cesium price
varies with the purity of the material and inversely with the
guantity purchased. Cesium metal has been marketed in
purities ranging from 99% to 99.98%.

The annual prices presented in the graph and table may
not be comparable from year to year owing to differences
in purities, quantity of material purchased, and/or the source

published in the U.S. Bureau of Mines Minerals Y earbooks
werefor purchases of lessthan 1 pound of cesium metal. From
1960 through 1991, the cesium metal prices published in the
Y earbooks were for purchases of at least 1 pound of materia
and are significantly lower than the pre-1960 prices owing to
discounts for the larger quantity purchased. The prices for
1992 through 1998 represent the price charged for a 1-gram
ampoule of 99.98%-pure cesium metal and are an order of
magnitude higher than the 1960 to 1991 prices.

Reference Cited

Perel’man, F.M., 1965, Rubidiumand caesium: New York, The
Macmillan Co., 144 p.
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Annual Average Primary Cesium Price
(Dollars per gram)

Year Price Year Price Year Price Year Price
1959 2.23 1969 0.52 1979 0.50 1989 0.69
1960 1.19 1970 0.52 1980 0.50 1990 0.69
1961 0.83 1971 0.52 1981 0.50 1991 0.69
1962 0.83 1972 0.52 1982 0.66 1992 38.50
1963 0.52 1973 0.52 1983 0.66 1993 38.50
1964 0.52 1974 0.52 1984 0.66 1994 38.50
1965 0.58 1975 0.52 1985 0.72 1995 40.80
1966 NA 1976 0.52 1986 0.72 1996 40.80
1967 0.58 1977 0.66 1987 0.66 1997 43.70
1968 0.58 1978 NA 1988 0.66 1998 63.30

NA Not available

Note:

The data in the table above were compiled from information in various U.S. Bureau of Mines Minerals Yearbooks, U.S. Bureau of Mines
Mineral Commodity Summaries, and U.S. Geological Survey Mineral Commodity Summaries. It is believed that the data in the
previously mentioned publications were obtained from the sources listed below.

1959, Average of the prices attributed to American Potash & Chemical Corp. & Penn Rare Metals Co.

1960, 99+%-pure cesium, 10-pound lots.

1961-62, Penn Rare Metals Division, Kawecki Chemical Co., 99.9%-pure cesium, 1- to 9-pound lots.

1963-64, Average of the range of prices for 99+%-pure cesium in American Metal Market.

1965, Average of the range of prices for 99.6%-pure cesium, 1- to 9-pound lots attributed to the Penn Rare Metals Division of Kawecki
Chemical Co.

1967-68, Average of the range of prices for 99.5%-pure cesium, 1- to 9-pound lots attributed to the Penn Rare Metals Division of Kawecki
Chemical Co.

1969, Average of the range of prices for 99+%-pure cesium.

1970-77, Average of the range of prices for 99+%-pure cesium in American Metal Market.

1979-1981, American Metal Market yearend price for 99+%-pure cesium.

1982-86, KBI Division, Cabot Corp., average of the yearend price for technical- and high-purity-grade cesium.

1987-88, KBI Division, Cabot Corp., average of the yearend price for technical- and high-purity-grade cesium in lots of less than 50
pounds.

1989-91, KBI Division, Cabot Corp.

1992-98, Alfa Aesar and other chemical catalogs. Prices for purchases of 99.98%-pure cesium in 1-gram ampoules.
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Chromium
by John F. Papp
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Chromium Metal Value
(Dollars per metric ton, gross weight)
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Significant events affecting chromite ore prices since 1958

1987-89 Increased stainless steel production
1991 Dissolution of the Soviet Union
1997 Start of the Asian financial crisis

Chromium, the chemical element, was discovered in 1797
by Nicolas-Louis Vauquelin, a professor of chemistry at the
Paris Ecole des Mines, one of the new European technical
universities established to bring science education to the
mining industry (Weeks, 1968, p. 271-283). The chromite
mineral, comprising primarily chromium, iron, and oxygen,
was subsequently found to be useful as arefractory materid.
Chromite was first exploited for the production of pigments
(Gray, 1988) and the manufacture of refractory materials.
Today, the major use of chromium is in the metallurgical
industry to make stainless steel; substantially less chromium
isused in the refractory and chemical industries (Papp, 1994,
p. 7, 17). The major chromium commodity materias are
chromite ore, ferrochromium, and chromium metal. The
major traded chromium commaodity is now ferrochromium,
which replaced chromite ore. Chromium metal prices apply
to a rdatively smdl amount of the chromium commodity
materials. To meet the needs of different users of price
information, all three price histories have been included.

Anunderstanding of the structure of the chromium industry
is important to understanding chromium material price
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structure.  Ferrochromium was originally produced mainly
near stainless steel producers but production hassincemoved
to locations in proximity to chromite ore producers. The
United States is not a chromite-ore-producing country; it is,
however, a mgjor world producer of stainless steel and of
chromium chemicas. After World War 11, the United States
built a stockpile of chromium commodities for national
security reasons. After the dissolution of the Soviet Unionin
1991, the Federal Government started to sl its stockpile; the
price of material was based on negotiated contract. Each
month, the Defense Logistics Agency (DLA), the Federal
agency responsible for stockpile management, accepted bids
on chromium materias that had been authorized for sale by
the U.S. Congress (U.S. Department of Defense, 1997). The
DLA negotiated a price for the chromium materia with the
potential purchaser.

Imports of various forms of chromium are important
because their value is a good indicator of price. Until the
period from 1980 through 1990, the United States imported
most of its chromium needs in the form of chromite ore
because ferrochromium was domestically produced. As



domestic ferrochromium production capacity declined,
imported ferrochromium surpassed chromite ore as themajor
commodity source of chromium for the United States.
Markets for chromium metal developed along with the jet
engine, many parts of which need aloys that require
chromium metal.

Thestructure of the chromium industry has been changing,
as hastherole of the United Statesin that industry. Reported
U.S. trade statistics (i.e., amount and value) for chromite ore
date back to 1884; ferrochromium, 1910; and chromium
metd, 1923. Trade journal prices for chromium metal go
back only to 1964. Thus, chromite oreisthe only chromium
commoadity for which the reported historical trade journal
priceand U.S. import value seriesislong. Since U.S. import
data was first collected, technological changes have resulted
in a change in the predominant grade of chromite ore and
ferrochromium traded. The United States has been a
consumer of a broad range of chromium materias, and to a
large degree, prices of chromium-containing materias have
been sustained by demand in the United States and other
indudtridlized  nations. As a chromium-chemical-
manufacturing nation, the United States also imported
chromite ore for chemica production. As a steel-producing
nation, the United Statesimported chromiteore for refractory
and dloy production. Between about 1970 and 1999, the
United Statesmade the transition from producingto importing
ferrochromium for its steel industry. Asaresult, U.S. import
statistics included declining amounts of metalurgical grade
chromite ore over that time period. The United States is a
major alloy- and stainless-steel-producing nation, and
chromium ferroaloy imports, including a broad range of
grades and sources, reflect that.

Chromite ore and other chromium materials are not traded
on commodity or futures exchanges. Thus, the price for
chromite ore or any other chromium materia is not publicly
negotiated or available. After surveying consumers and
producers, some trade journals publish a composite price or
price range based on their survey. Included among these are
American Metal Market, Industrial Minerals, Metal Bulletin,
Metds Price Report, Platt’ sMetals Week, and Ryan’s Notes.
Although the prices for chromium materials reported in such
periodicals might, indeed, represent price in the market being
surveyed, no representation of quantity of trade is made.
Usually, more than one source and/or grade of material
reported by the trade journals may have disparate
characterigtics. In this situation, price is an average and does
not apply to any specific product. A broadly descriptivename
like “chromite ore” covers many sources and grades of
materia. The U.S. import value reported tothe U.S. Customs
Service, the U.S. Department of the Treasury, and published
by the U.S. Bureau of the Census, U.S. Department of
Commerce, includesadeclared value of theimported material
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estimated at the point of export. It excludes U.S. import
duties, freight, insurance, and other charges incurred in
shipping the merchandise to the United States (U.S. Bureau
of the Census, 1992, p. 2-6). Chromite ore values are annual
weighted-average values based on quantity, content, and
customs vaue of imports as reported in U.S. customs
datigtics.

Chromite ore is graded by its chromic oxide (Cr,0;)
content, and itspriceis reported in trade journals on a gross-
weight basis (U.S. dollars per metric ton, gross weight).
Commercially traded chromite ore grades range from 35% to
55% Cr,O,. Suppose, for example, that aparticular chromite
ore is graded at 42% to 45% and priced at $100 per metric
ton. It contains 42% to 45% chromic oxide and costs $100
per ton, gross weight. To calculate the cost of the chromium
contained in this material, remember that chromic oxide is
68.42% chromium. Conseguently, 1 ton of this material then
contains between 0.287 and 0.308 ton of chromium yielding
aunit value of between $325 and $348 per ton of chromium.
Ferrochromium typicaly contains between 50% and 65%
chromium, and its priceisreported in trade journals in dollars
per pound of contained chromium. Chromium meta is
typicaly in excess of 99% pure, and its price is reported in
trade journals in dollars per pound, gross weight (Papp,
1995). A wide variety of chromium metal prices are reported
in trade journals. The units of chromium material value are
similar to those of chromium material price reported in trade
journals—dollars per metric ton, gross weight, for chromite
ore and chromium metal and dollars per metric ton of
contained chromium for ferrochromium. (To convert from
dollars per metric ton to dollars per pound, multiply by
4.536x10*.)

The unit value of chromium in each of its commodity
forms is substantially different. In 1997, the unit value of
chromium contained in its commaodity formswas, in rounded
numbers and in units of dollars per metric ton of contained
chromium— chromite ore, $200; ferrochromium, $1,000; and
chromium metal, $7,000.

The predominant influence on the price of chromite oreis
the relation between supply and demand and general
economic conditions.  Stocks relative to anticipated
consumption also affect material price. When supply does
not meet demand or when stocks appear to be insufficient,
price is expected to increase. Because stainless sted is the
major end use for chromium, world stainless steel production
or anticipated production plays a major role in determining
chromium demand and is, therefore, a magjor influence on
ferrochromium and chromite ore prices. Strong demand for
chromium from the international stainless steel market
resulted in price increases from 1987 through 1989.
Chromium industry production capacity growth exceeded
stainless steel industry chromium demand growth, which



continued but at a rate lower than that of ferrochromium
production capacity. The result was excess production
capacity in the chromium ferroaloy industry that resulted in
lower ferrochromium prices. In 1991, the dissolution of the
former Soviet Union (FSU) resulted in decreased demand for
chromium from those markets and added chromium products
from the FSU to world markets. Both of these events
exacerbated the downward pressure on ferrochromium prices.
In 1997, the Adan financia crisis resulted in a lower world
demand for stainless steel that put more downward pressure
on ferrochromium prices.

Of the 12.5 million metric tons of 1997 world chromite ore
production, 85% went into the ferrochromium industry; 8%
to the chemical industry; and 7% to the refractory industry
(Toerien, 1997; Papp, 1998, p. 8). Because non-
ferrochromium-grade chromite ore is often a byproduct of
ferrochromium-grade ore, ferrochromium industry demandis
themain driving force of chromiteore production (O’ Driscall,
1998). Theredationisindicated by the lead sometimes shown
by ferrochromium price over chromite ore price. The
annually averaged price data show that price peaks for
ferrochromium and chromite ore were coincident in 1982 and
1989, and ferrochromium price led chromite ore price in
1975-76 and 1995-96. In the first two cases, annual
averaging hides the price change relation. In the second two
cases, increased demand for ferrochromium drove up
ferrochromium prices, but the chromite ore price increase
lagged by 1 year. The most recent ferrochromium price
peaks were in June 1989 and December 1995 (Warburg
Dillon Read Securities (South Africa) (Pty) Ltd., 1998, p. 3).
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Chromite Ore Value'
(Dollars per metric ton, gross weight)

Year Price Year Price Year Price Year Price
1940 13 1955 23 1970 25 1985 54
1941 12 1956 25 1971 27 1986 49
1942 16 1957 27 1972 29 1987 49
1943 20 1958 25 1973 25 1988 69
1944 21 1959 23 1974 29 1989 84
1945 21 1960 19 1975 53 1990 72
1946 17 1961 18 1976 61 1991 71
1947 19 1962 18 1977 57 1992 70
1948 24 1963 16 1978 55 1993 65
1949 22 1964 18 1979 60 1994 69
1950 20 1965 18 1980 63 1995 80
1951 20 1966 18 1981 61 1996 93
1952 25 1967 18 1982 65 1997 74
1953 28 1968 19 1983 60 1998 74
1954 26 1969 20 1984 56

1 Annual weighted-average chromite ore value based on quantity and declared free-on-board value of U.S. imports as reported in U.S.
customs statistics, as reported by the U.S. Bureau of the Census, U.S. Department of Commerce. Based on U.S. chromite ore import
statistics, 1940 through 1997, average chromic oxide content plus or minus average deviation is 43.8 + 1.5 percent; and chromium

content, 30.0 + 1.0 percent.



Ferrochromium Value*
(Dollars per metric ton, contained chromium)

Year Price Year Price Year Price Year Price
1947 295 1960 462 1973 392 1986 851
1948 344 1961 449 1974 600 1987 893
1949 352 1962 445 1975 1,061 1988 1,403
1950 363 1963 376 1976 916 1989 1,609
1951 411 1964 360 1977 826 1990 1,017
1952 442 1965 395 1978 686 1991 997
1953 556 1966 367 1979 945 1992 966
1954 NA 1967 394 1980 972 1993 801
1955 NA 1968 382 1981 952 1994 767
1956 484 1969 370 1982 1,008 1995 1,322
1957 516 1970 401 1983 737 1996 1,179
1958 540 1971 464 1984 833 1997 1,212
1959 512 1972 422 1985 914 1998 1,027

NA Not available
1 Weighted-average ferrochromium value based on content quantity and declared free-on-board value of U.S. imports as reported in U.S.
customs statistics, as reported by the U.S. Bureau of the Census, U.S. Department of Commerce. Based on U.S. ferrochromium import

statistics, 1947 through 1997, average chromium content plus or minus average deviation is 61.4 + 3.7 percent.

Chromium Metal Value!
(Dollars per metric ton, gross weight)

Year Price Year Price Year Price Year Price
1956 1,852 1967 NA 1978 NA 1989 6,597
1957 2,237 1968 1,656 1979 NA 1990 6,460
1958 2,234 1969 1,800 1980 7,682 1991 7,584
1959 1,993 1970 NA 1981 7,662 1992 6,671
1960 1,998 1971 2,003 1982 6,018 1993 6,137
1961 1,832 1972 2,206 1983 4,491 1994 6,031
1962 1,689 1973 2,491 1984 5,674 1995 6,455
1963 1,677 1974 3,030 1985 5,468 1996 7,018
1964 1,670 1975 4,486 1986 NA 1997 7,419
1965 1,661 1976 4,350 1987 5,320 1998 7,576
1966 NA 1977 4,938 1988 6,097

NA Not available
1 Weighted-average chromium metal value based on quantity and declared free-on-board value of U.S. imports as reportedin U.S. customs
statistics, as reported by the U.S. Bureau of the Census, U.S. Department of Commerce. Chromium metal is typically in excess of 99%

pure.
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Cobalt
by Kim B. Shedd
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Annual Average Cobalt Price
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1990-1991
1990

1991
1992-1993
1993-1998
1994

Significant events affecting cobalt prices since 1958

Sales of significant quantities of cobalt from U.S. Government stockpile

Strong cobalt demand, Zaire' s copper-cobalt mining region invaded, and free market developed
Sharp recession

Zaire and Zambia announce ajoint producer price

Recession

Strikesin Zaire and political unrest in Zambia, cave-in at Zaire' s Kamoto copper-cobalt mine, and Russia began
exporting cobalt to Western markets

Unrest in Zaire and dissolution of the Soviet Union

Economic downturn and decreasein U.S. defense spending

Sales of cobalt from the U.S. Government stockpile

Producer price was changed to areference price

Cobalt isadtrategic and critical metal used in many diverse also used to make magnets; corrosion and wear-resistant
industrial and military applications. The largest use of cobalt dloys; high-speed stedls; cemented carbides and diamond
isin superalloys, which are usedto make parts for gasturbine tools; catalysts for the petroleum and chemical industries;
aircraft engines. In its metal and/or chemical forms, cobalt is drying agentsfor paints, varnishes, and inks; ground coatsfor
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porcelain enamels; pigments; battery electrodes; steel-belted
radial tires, and magnetic recording media. Variousforms of
cobalt metd, including briquettes, cathode (electrolytic
cobalt), fines, granules (shat), ingot, powder, and rondelles,
have been produced and marketed. Cobalt prices presented
in the table for 1969 onward are for cobalt cathode, which is
produced by electrowinning. In the electrolytic cell, cobalt
metal is deposited on the cathode, usually as a continuous
sheet of cobalt metal. Following removal from the cathode,
the sheet of cobat can be broken into small piecesand sold as
“broken cathode” or cut into squares and sold as “cut
cathode.” Current spot prices quoted in Platt’s Metals Week
are for cathode with a minimum cobalt content of 99.8%.

In addition to general economic conditions and
supply/demand fundamentds, the following factors have
influenced cobalt pricesover time: most cobalt is produced as
a byproduct of either copper or nickd, resulting in a certain
amount of supply inglaticity; cobalt is produced by alimited
number of countries, one of which, the Democratic Republic
of the Congo (formerly Zaire, formerly the Belgian Congo),
was the world' s dominant producer from the 1920’ s until the
1990's; and cobalt is considered to be a strategic and critical
metd, and as a result, purchases for and sales from
Government stockpiles have added to demand and supply,
respectively.

During much of its history, the price of cobalt metal was
set primarily by producers. Before World War 11, theleading
Belgian, British, Canadian, Finnish, and French producers
agreed to control cobdt supply and to maintain a uniform
price. Followingthe War, prices quoted by the Belgian Congo
were generaly followed by other producers (Y oung, 1960, p.
8). Beginning in the mid-1980's, Zaire and Zambia
cooperated in setting the producer price (Jones, 1986; Cobalt
Development Institute, 1987). During timeswhen producers
controlled the market, the magjority of cobalt sales were
directly between producers or their sdes agents and
consumers. These sales were conducted under medium- or
long-term agreements at the producer priceor at the producer
price minus quality and quantity discounts. In the early
1990's, the African producerslost much of their influence on
cobalt prices (Kidty, 1992, p. 2). This was the result of
reduced production from Zaire and Zambia at atimewhenan
increasing amount of cobat was entering the free market.
T he producer price was renamed the “reference price” in
1994, and since then, most cobalt has been sold at free
market prices.

In the free market, sales are between merchants
(independent traders) and consumers or merchants and other
merchants (intermerchant trading). Cobalt in the free market
can originate from producers, either officidly or unofficially;
from Government stockpile releases, or consumers with
excess metal.  The volume of free market sales has varied
over time and from country to country. Free market prices
sometimeschangevery rapidly. Although they reflect overall
supply and demand, they can be strongly influenced by buyer
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perceptions of short-term availability, and the reasons for
sudden changes are not always evident.

Historically, cobalt priceswererdatively stable until thelate
1970's, when a series of events resulted in concerns over
cobalt supply and arapid increase in pricesto more than $40
per pound. The key factors and events leading up to the
“cobalt crisis” were as follows: the cessation of cobalt sales
from the U.S. Government stockpile in 1976, a drawdown of
Zairian producer inventories following 2 years of sdes
exceedingproduction, asharp increasein demand, areduction
in cobalt alocations by the Zairian producer, limited world
cobalt production capacity, and an invasion of the copper-
cobalt mining region in Zaire (Mining Journal, 1979; Kirk,
1985). Although Zaire sannual production actually exceeded
that of the previous year, the “cobalt crisis’ had long-term
impacts on the cobalt market. For the first time in many
years, a strong free market in cobat developed, and cobalt
prices gained the reputation of being unstable.

Following the “crisis,” production capacity was increased,
recycling and recovery of cobalt from secondary materials
alsoincreased, and consumers conserved or substituted cobalt
where possible. The recession in the early 1980’s added to
the reduction in demand and an oversupply situation
developed (Kidlty, 1988). Beginninginthemid-1980's, Zaire
and Zambia worked together to stabilize cobalt prices. They
established a joint producer price and limited sales of cobalt
to the free market (Kramer and Salak, 1984). In addition,
Zaire acted asa " swing producer” by reducing its production
and inventories to meet demand (Kidlty, 1990, p. 2-3, 10).
From late 1986 until mid-1990, Zaire and Zambia were
successful in returning stability to cobalt prices.

Free market price stability ended duringthe second half of
1990. In early 1990, delayed shipments from African
producers, planned cutbacksin nickel production by Canadian
nickel-cobat producers, assumptions regarding reduced
inventory levelsin Zaire, and tightening of cobalt supplieson
the free market caused concern over future cobalt availability.
In July, the free market cobalt price began to rise following
reports of strikes in Zaire and political unrest in Zambia.
News of a cave-in at Zaire's Kamoto copper-cobalt minein
late September added to concerns over cobalt availability.

During 1990, Russia began exporting cobalt to Western
markets. The breakup of the Soviet Union, a reduction in
Russian military production, and an increase in demand for
hard currency led to increased exportsin 1991. Asaresult,
Russia became a net exporter of cobalt, and Russian cobalt
developed into a significant component of Western supply.
Most of this cobalt was sold by merchants in the free market.

The free market cobalt price dowly decreased during the
first 9 months of 1991. Speculation continued during this
period regarding potentia supply shortages, but demand was
limited by recessionary economic conditions. Political and
economic tensions in Zaire continued to increase. The price
of cobalt beganto rapidly increase following news of renewed
unrestin September and October. The cobalt price peaked at



more than $30 per pound in late December 1991/early
January 1992.

During the next 2 years, the free market cobalt price
trended downward to approximately $11 per pound. The
decrease during 1992 and 1993 was attributed to thefollowing
factors: reduced consumption because of a decreasein U.S.
defense spending, a decrease in demand from the commercia
aircraft sector, and an economic downturn in the United
States, Europe, and Japan; reduced demand because of a
drawdown of consumer inventories; and the availability of
cobalt on the free market.

Following severa years of decline, world refined cobalt
production reached a low point in 1993. The U.S.
Government began selling excess cobalt from the National
Defense Stockpile (NDS) in March of that year. NDS cobalt
was available to merchants, as wel as to consumers, thus
providing more cobalt to the free market. Although cobalt
from the NDS and Russia was a lower quality than that
typicdly offered tothemarket, consumersfound waysto take
advantage of the availability and lower cost of cobalt from
these sources.

Beginning in mid-December 1993 and ending in mid-
January 1994, the free market cobat price more than
doubled. Thispriceincreasereflected agrowing concern over
cobalt supply prompted by the following factors. delays by
the African producersin announcing their 1994 pricingpolicy,
consumers' reduced inventory levels resultingfrom buyingon
an as-needed basis, press reports that the copper-cobalt
mining region in Zaire had declared autonomy from the rest
of the country, expectationsfor reduced production in 1994,
and merchants’ reportsof reduced supplies of Russian cobalt.
The magnitude and speed of the price increase, however,
suggested market manipulation (Kielty, 1994).

During 1994 and 1995, the supply of and demand for
cobalt increased. World production increased, cobalt from
Russia and the NDS continued to contribute to supply, and
the amount of cobalt recovered from intermediate materias
and recycled from scrap increased. Economic conditions
improved, and world demand increased. The free market
cobalt price was high and unstable, between $20 and $30 per
pound, during most of this 2-year period. The overal trend
infreemarket priceswas upward, reaching more than $32 per
pound by December 1995. High cobalt prices, combined with
forecastsfor large increases in nickd demand, resulted inthe
initiation of a dgnificant number of projects that could
produce cobat within 3 to 6 years either as a byproduct of
nickel or copper mining or from the processing of cobalt-
bearing intermediate materials stockpiled during past copper
production.

World cobalt production continued to increase in 1996.
Demand remained strong, but the free market cobalt price
decreased to approximately $21.50 per pound by yearend.
Market sentiment shifted from concern about availahility to
forecasts of potential oversupply as future production
increased at afaster rate than demand.
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During 1997, world production was agpproximately equal to
that of 1996, and demand remained strong. The free market
cobalt price fluctuated between approximately $19 and $26
per pound. In 1998, the cobalt price declined significantly. It
gradualy decreased from a high of approximately $26 per
pound in January to approximately $24 per pound in early
June, and then rapidly decreased to approximately $10 to $11
per pound by yearend. The decrease in price suggests that
plenty of cobalt was available to meet demand. Total sales
and shipments of cobalt from the NDS were higher in 1998
than those of 1997, and on the basis of data from the first 6
months of 1998, world production was higher thanthat of the
previous year. In addition, the following were cited as
possible contributing factors to the decreasing prices. weak
demand, particularly from the superalloy sector; reduced
demand because of poor economic conditions in Asia and
elsewhere; consumers buying only as needed, drawing down
inventories, and delaying purchaseswhile waitingfor theprice
to bottom out; producers offering cobalt at low prices to
reduce their inventories and/or to gain market share; and
merchants pushing down prices to buy cheaper cobalt at a
later date and/or to gain market share.

In 1999, three new projects in Australia are expected to
begin producing cobdt as a byproduct of nickel. Plans for
additional new cobat production are underway or being
considered at various projectsin Africa, North America, and
Oceania. This increase in production from more diverse
sources is anticipated to put downward pressure on cobalt
prices.
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Annual Average Cobalt Price
(Dollars per pound')

Year Price Year Price Year Price Year Price
1937 1.29 1953 2.43 1969 1.92 1985 11.43
1938 1.36 1954 2.60 1970 2.20 1986 7.49
1939 1.40 1955 2.60 1971 2.20 1987 6.56
1940 1.50 1956 2.58 1972 2.45 1988 7.09
1941 1.50 1957 2.03 1973 3.04 1989 7.64
1942 1.50 1958 2.00 1974 3.47 1990 10.09
1943 1.50 1959 1.77 1975 3.98 1991 16.92
1944 1.50 1960 1.54 1976 4.47 1992 22.93
1945 1.50 1961 1.50 1977 5.62 1993 13.79
1946 1.50 1962 1.50 1978 24.52 1994 24.66
1947 1.58 1963 1.50 1979 32.83 1995 29.21
1948 1.65 1964 1.50 1980 21.82 1996 25.50
1949 1.76 1965 1.63 1981 15.67 1997 23.34
1950 1.80 1966 1.65 1982 8.56 1998 21.43
1951 2.18 1967 1.85 1983 5.76

1952 2.40 1968 1.85 1984 10.44

To convert to dollars per kilogram, multiply by 2.20462.

Note: Annual average prices were derived from price changes reported in the following sources.

1937-77, contract or producer price, domestic quotation for cobalt metal, in U.S. Bureau of Mines Minerals Yearbook; origins of prices are
unknown.

1978, free market price, cobalt metal, in Engineering and Mining Journal, v. 180, no. 3, 1979, p. 138.

1979, free market price, cobalt metal, in Engineering and Mining Journal, v. 181, no. 3, 1980, p. 112.

1980, European free market price, 99.5% cobalt metal, in Metal Bulletin Handbook, 1981, p. 73.

1981, European free market price, 99.5% cobalt metal, in Metal Bulletin Handbook, 1982, p. 51, and U.S. spot price, 99.5 % cobalt cathode,
in Metals Week.

1982-92, U.S. spot price, 99.5% cobalt cathode, in Metals Week.

1993, U.S. spot price, 99.8% cobalt cathode, in Metals Week.

1994-98, U.S. spot price, 99.8% cobalt cathode, in Platt’'s Metals Week.
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Significant events affecting columbium prices since 1958

1960-70 Development of pyrochlore depositsin Brazil and Canada

1970-79 Increased demand

1980 Columbium oxide produced from pyrochl ore-based feed material
1981 Exports of Brazilian pyrochlore ceased

1994 Production of ferrocolumbium began in Canada

1997-98 Sales of ferrocolumbium from the National Defense Stockpile (NDS)
1998 Expansion of ferrocolumbium production capacity in Brazil

Columbium is a refractory metal that conducts heat and
electricity well and is characterized by a high melting point,
resistance to corrosion, and ease of fabrication. Columbium,
in the form of ferrocolumbium, is used worldwide mostly as
an dloying edement in steels and in superaloys. Little
commercia application was found for columbium until the
1930's, when metallurgists began using it in the form of
ferrocolumbium in steel and as columbium carbide in
high-speed cutting tools (Cunningham, 1985a). Acceptable
substitutes, such as molybdenum, tantalum, titanium,
tungsten, and vanadium, are available for some columbium
applications, but substitution may lower performance and/or
cost-effectiveness.

The columbium price is driven by the availability of
columbium mineral feed materials, recycling being an
insignificant source of supply. Thus, the events affectingthe
supply of columbium mineral concentrates are discussed
herein. A price table and graph, however, are included for
standard-grade ferrocolumbium, the dominant form in which
columbium is consumed. 1n 1979, theincreasein demand for
“high-purity” ferrocolumbium in superalloys was significant.
This increased columbium demand affected the prices for
high-purity ferrocolumbium and for columbite, but had noreal
impact on the price for standard ferrocolumbium. The feed
material for production of high-purity ferrocolumbium was
columbite, and standard ferrocolumbium was produced from
pyrochlore. In 1998, the price for columbium contained in
concentrate was $4.29 per pound compared with $6.88 per
pound for columbium contained in standard ferrocolumbium.

Brazil and Canada are the mgjor producers of columbium
mineral concentrates and converters of the material to
ferrocolumbium. The U.S. columbium-mining industry has
not been significant since 1959. The United States satisfiesits
columbium requirements primarily by importing ferro-
columbium and columbium oxide from Brazil, ferro-
columbium from Canada, and lesser amounts of columbium
concentrates for processing from various countries. Many of
the gpplicationsfor columbium are either directly or indirectly
defense related because of its use in the aerospace,
communications, energy, and transportation industries. Thus,
columbium is classified as critical and strategic, and, over the
years, various columbium materials have been purchased for
the NDS.
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A significant activity during the 1950's was the U.S.
Government’ sworldwide program for the purchase of about
6,800 metric tons (t) of combined columbium and tantalum
oxides contained in columbium-tantalum ores and
concentrates. The purchase program was terminated in 1959
(Cunningham, 19853, b). The program, which was initiated
to encourage increased production of columbium-tantalum
ores and concentrates of domestic and foreign origin, largely
governed the market price for columbium ores and
concentrates. It also resulted in the discovery of large
low-grade domestic and foreign deposits of columbium
minerals. The program, however, was less successful in
devel opingdomestic columbium mineral production. Thelow
grade of the discoveries precluded their development at
current or expected future prices. Termination of the
program was followed by lower market prices, resulting in
reduced production worldwide. Marginal producers, who
could not operate profitably at lower prices, hated
production.

Reshaping of columbium supply and demand began in the
1960's. Discovery of the strengthening effect of small
amounts of columbium in structural carbon steel eventually
led to a widespread and growing use for columbium in
high-strength low-alloy steels. Until the mid-1960's, the
world's needs for columbium were provided for mostly by
columbite concentrates mined in Nigeria; the Nigerian
columbite was produced as a byproduct of tin mining.
Development of pyrochlore deposits in Brazil and Canada
during this period, however, grealy increased columbium
avalability (Cunningham, 1985a; Miller, Fantel, and
Buckingham, 1986, p. 8; Crockett and Sutphin, 1993, p. 4-5).
Pyrochlore deposits are mined primarily for columbium, and
columbite and tantalite are recovered mostly as a
byproduct/coproduct of other minerds, principaly tin. The
shift in columbium supply from Nigeriato Brazil and Canada
did not have an adverse impact on the columbium price,
which changed little or not at al during the 1960's owing to
the readily available supplies of pyrochlore.

During the 1970's, increased demand, mostly in the form
of ferrocolumbium for steelmaking, continued to be met by
the large quantities of pyrochlore concentrates produced in
Brazil and Canada. Pyrochlore became the standard material
for the manufacture of ferrocolumbium for steelmaking.



Columbite-tantalite remained as the source material for the
production of columbium oxide used in high-purity
columbium products. As demand increased in the 1970’s,
prices began to escalate for columbium concentrates and
columbium products. With continued strong demand for
columbium in the manufacture of steels and especially high-
purity columbium products, the price for columbium
concentrates peaked in 1979.

In 1980, an important change in columbium supply took
place when plants that produced columbium oxide from
pyrochlore-based feed materials were established in Brazil and
the United States, which resulted in lower prices for
columbium oxide and high-purity columbium products (Jones,
1981). Thischangegreatly diminished the need for columbite
ores. Until 1980, columbium oxide had been produced
mostly from columbite- and tantalite-based materials.
Columbium concentrate prices fell during most of the 1980’s
owingto the large quantities of pyrochlore produced in Brazil
and Canada and the columbium products produced from this
feed material, especialy in Brazil.

Brazil's production of columbium concentrates, mostly
pyrochlore, accounts for more than 85% of total world
production of columbium. Pyrochlore concentrates, however,
have not been exported from Brazil since 1981. Pyrochlore
concentrates produced in Brazil are processed locally, and
some of the upgraded columbium products are consumed
domestically, with the mgjority of the products exported. As
the dominant columbium producer/supplier, Brazil has main-
tained a marketing strategy of stable supply and moderate
price changes.

A significant change took place in the columbium industry
in late 1994. The sole Canadian columbium concentrate
producer began ferrocolumbium production at its columbium
mine in Quebec (Teck Corp., 1994, p. 13, 32). The plant
convertsbasicaly al pyrochlore concentrates produced at the
mineto ferrocolumbium. Prior to commissioning of the plant,
columbium concentrates produced at the mine were shipped
mostly to the United States, Europe, and Japan for conversion
to ferrocolumbium.

In 1997, the U.S. Department of Defense initiated the sale
of ferrocolumbium from the NDS. From March 1997
through December 1998, the Defense Logistics Agency sold
about 211 t of columbium contained in ferrocolumbium
valued at about $2.98 million (Cunningham, 19983, b, p. 1;
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Defense National Stockpile Center, 1998a, b). The overal
average unit price for the sales, about $6.40 per pound of
contained columbium, was somewhat less than that quoted
for ferrocolumbium, $6.88 per pound of contained
columbium.

In 1998, the leading Brazilian columbium producer initiated
plans to raise its ferrocolumbium production capacity by
about 50% by 2000. The expansion is aimed at maintaining
the stability of world supply and pricing of ferrocolumbiumin
response to growing international demand (Metal Bulletin,
1998).

For most of the 1990’ s, the price for columbium remained
stable as the demand for and supply of columbium continued
to increase.
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Yearend Average Columbium (Niobium) Concentrate Price
(Dollars per pound contained columbium pentoxide’)

Year Price Year Price Year Price Year Price
1940 0.35 1955 3.40 1970 1.12 1985 3.75
1941 0.35 1956 3.40 1971 1.04 1986 2.75
1942 0.53 1957 3.40 1972 1.29 1987 2.43
1943 0.25 1958 3.40 1973 1.42 1988 2.43
1944 0.25 1959 1.08 1974 1.64 1989 3.25
1945 0.60 1960 1.22 1975 1.71 1990 3.25
1946 0.54 1961 1.00 1976 2.69 1991 2.83
1947 0.65 1962 0.95 1977 2.76 1992 2.83
1948 0.73 1963 0.95 1978 3.03 1993 2.60
1949 1.13 1964 0.85 1979 6.78 1994 2.60
1950 2.55 1965 0.85 1980 6.50 1995 3.00
1951 2.56 1966 1.11 1981 6.13 1996 3.00
1952 3.40 1967 0.97 1982 4.63 1997 3.00
1953 3.40 1968 0.92 1983 4.63 1998 3.00
1954 3.40 1969 1.05 1984 3.75

1 To convert to dollars per kilogram, multiply by 2.20462.

Sources: Metal Bulletin (1946-51), U.S. Government purchase (1952-58), E&MJ Metal and Mineral Markets (1959-66), Metals Week
(1967-90), and Metal Bulletin (1991-98). Prices before 1946 were published by the U.S. Bureau of Mines; origins are unknown.

Yearend Average Ferrocolumbium (Ferroniobium) Price!
(Dollars per pound contained columbium?)

Year Price Year Price Year Price Year Price
1940 2.30 1955 6.90 1970 3.49 1985 5.66
1941 2.30 1956 6.90 1971 2.55 1986 5.66
1942 2.28 1957 4.90 1972 2.55 1987 5.66
1943 2.28 1958 3.73 1973 3.10 1988 6.00
1944 2.28 1959 3.45 1974 4.12 1989 6.58
1945 2.28 1960 3.45 1975 4.30 1990 6.58
1946 2.28 1961 3.45 1976 4.73 1991 6.58
1947 2.55 1962 3.40 1977 5.12 1992 6.58
1948 2.90 1963 3.00 1978 5.12 1993 6.58
1949 2.90 1964 3.00 1979 5.58 1994 6.58
1950 4.90 1965 3.10 1980 6.29 1995 6.58
1951 4.90 1966 3.21 1981 6.29 1996 6.58
1952 4.90 1967 2.53 1982 6.00 1997 6.88
1953 6.40 1968 2.53 1983 6.00 1998 6.88
1954 12.00 1969 2.79 1984 5.66

! Standard (steelmaking) grade, 65% contained columbium (1997-98).
2 To convert to dollars per kilogram, multiply by 2.20462.

Sources: Mostly E&MJ Metal and Mineral Markets (1940-66), Metals Week (1967-92), Platt's Metals Week (1993-96), and American
Metal Market (1997-98).
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Significant events affecting copper prices since 1958

1959-60 6-month labor strikes cause tight supplies, 17% U.S. consumption growth in 1959 and export growth in 1960
1961-62 Record high production rates balanced by strong consumption

1963 Voluntary production cutbacks reduce oversupply and help stabilize prices
1964-66 Vietham War begins, accompanied by strong demand growth and stockpile rel eases
1967-68 Longest, most severe strikes to date; Government stockpile rel eases, set aside programs, export controls, and

production stimulus programs initiated to meet defense needs; formation of the Intergovernmental Council of Copper
Exporting Countries (CIPEC)

1970-73 Continued high wartime demand; easing of export controls and set-asides; two-tier pricing generates Government
concern; price controls limit rise; nationalization of U.S-owned Chilean properties; the Organization of Petroleum
Exporting Countries (OPEC) oil embargo begins

1974 End of price controls and strong demand cause first-half price rise before second-half economic reversal; last
stockpile release, 229,000 metric tons; fixed exchange rates abandoned

1975-77 Demand drops precipitously owing to recession, copper inventories riseto record levels, price volatility

1978-80 Record copper consumption and lower stock levels; rising precious metal s prices; 5-month labor strike; beginning of
Commodity Exchange, Inc. (COMEX)-based pricing

1981 Large growth in domestic and world production; rising inventories

1982-84 Recession; inventory buildup; U.S. production sharply curtailed; expansion of COMEX-based pricing
1985-86 Draw down of high copper inventories; cutback in capacity at U.S. mines; cost-cutting and efficiency moves
1987-89 Historically low inventories; growing world consumption; prices peak at $1.68 in December 1988
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Global supply constraints bal ance recession; dissolution of the Soviet Union and political turmoil in Africa;
Stagnant world demand and rising inventories; London Metal Exchange (LME) intervention in market causes sharp

Strong global demand growth, sharp inventory decline, record high annual price, LME opens U.S. warehouses
Sumitomo Corp. reveals huge trading losses and prices plummet at midyear despite global inventory decline

1990-92
precarious supply/demand balance leads to price volatility
1993
price drop in September
1994-95
1996
1997-98

Asian economic crises and rapid expansion of global capacity combine to generate large global surplus

Historically, wirebar was the dominant form of copper
traded, and the price for refined copper wirebar was the
“bellwether” price for copper. By the middle 1970's,
however, technology had changed to continuous casting and
drawing of wire rod directly from refined cathode, thus
bypassing the need to cast wirebar. Even though more than
50% of primary copper produced in the United States is
traded as rod by integrated mine producers, the high-grade
copper cathode price is used as the “base” price for most
transactions (Jolly, 1991, p. 46).

About 70% of domestic primary refined copper is
produced from a multistage process, beginning with the
mining and concentrating of ores, and followed by smelting
and eectrolytic refining to produce ahigh-grade cathode. The
other 30% is produced from acid leaching of copper oresand
wastes and solvent extraction and electrowinning of refined
copper from the pregnant solution. Though most domestic
producers have a high degree of vertical integration, copper
products from each stage of processing have their own
independent markets and are traded globally. Each product
hasits own pricing procedure that is linked, for the most part,
to its copper content and the market price for refined copper.
For example, copper concentrates, which contain between
20% and 35% copper, are purchased on the basis of the
refined copper market value of their recoverable copper
content, with charges taken for smelting and refining.
Penaltiesmay be assessed by the smelter/refiner for unwanted
contaminants or low grade, and credits may be given for
recoverable byproducts. Even though the smelting and
refining charges are driven by processing cost factors, they
may fluctuate significantly accordingto the market balancefor
concentrates.  Similarly, prices for copper scrap are
discounted from the refined value of the recoverable copper
content to alow for processing costs and profit. Though the
discount from refined must be sufficient to account for
processing costs, market conditions for each type of scrap will
affect thelr prices.

Until thelate 1970’ s, domestic copper pricesweregenerdly
referenced to the U.S. producer price. The traditional U.S.
producer price, which normally included a charge for delivery
and insurance, was based on annually negotiated sales
contracts, with prices changing at least quarterly. The
producer price system offered stability and served the
interests of both the producer and the consumer. Producer
pricestended to be above commodity exchange prices during
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weak markets and below the exchange prices during high
demand periods. During periods of tight supply, U.S. mills,
most of which were producer-owned subsidiaries, were given
allocations assuring them of reasonably priced supplies (Jolly,
1991, p. 46). Although the producer pricing provided stability
for contract purchases, it created atwo-tiered price structure,
where spot purchases and exchange prices were significantly
different from producer prices. During the peak demand
period of the Vietnam War, 1964-69, the average LME spot
price was $0.575 per pound, compared with only $0.38 for
the domestic producer price.

Beginning with the nationaization of foreign production in
Africa and Chile in the 1960's and early 1970's, the US.
producers influence on domegtic and world markets
weakened, and domestic producer pricing became more
market sensitive, changing frequently to track global prices.
Periods of surplus supply, which occurred from the
mid-1970's to the mid-1980's also contributed to the
decreased influence of U.S. producer pricesonworld markets
as surplus supplies flowed to the exchanges. Asaresult, U.S.
producers abandoned classic producer pricing, some in 1978
and others in the early 1980’s, and changed to a COMEX-
based pricing system. Using the first-position COMEX price
as a base, producers now quote premiums that may include
transportation and insurance costs (Jolly, 1991). The current
producer price quoted reflects a weighted average of the
delivered price of copper to domestic consumers by domestic
producers. Since the adoption of COMEX-based pricing, the
producer margin has averaged almost $0.05 per pound,
generaly increasing at times of low prices and decreasing
during high prices. During the high-price period from 1994 to
1997, the producer premium averaged less than 4 cents per
pound, and contrary to historical trend, remained at that level
although prices fell in 1998.

While the traditional producer prices provided a buffer to
price shifts, speculative influenceon aCOM EX-based pricing
system can result in price volatility, especialy during tight
markets, such as from late 1987 through 1989 and 1995
through 1997. Periods of stock surpluses, such asfrom 1975
to 1987, and the current market tend to create greater price
stability. In response to the greater volatility of
COMEX-based pricing, producers and consumers have
increasingly used futures markets to hedge their sales and
purchases.

Strike periods that occur with expiration of labor contracts



have a significant effect on copper prices. The two 6-month
strikes in 1946 and 1959, the 9-month strike in 1967-68, and
the 5-month strike in 1980, were of particular significance.
The 1967-68 srike had the most severe effect because it
coincided with a period of high international demand
occasioned by the Vietham war and an unusually high period
of worldwide economic growth. Government releases of
stockpile material were used to alleviate shortagesduring each
of these incidents, with the exception of the 1980 strike,
which took place during a period of high commercia
inventories and low Government stocks (Jolly, 1991, p. 47).
Because more than 65% of world capacity comprises mines
with outputs that are larger than 100,000 tons per year of
copper, disruptions to production at any given large mine can
affect prices. For example, from 1989 to 1991, a series of
events tempered what might have otherwise been a modest
oversupply period.  These events included politica
insurgencies and labor strikes at foreign producersthat closed
a 180,000-ton-per-year mine in Papua New Guinea and
severdly reduced production in Zaire. The oversupply was
further tempered by a smelter bottleneck that developed in
late 1991 (Jolly, 1991, p. 47).

Governments' interventionsin economic policiesor directly
in copper markets have had significant effects on copper
prices. TheU.S. Government hastaken action during periods
of war and national emergency to control prices and levy
tariffs, to impose export quotas, to provide price supports,
lend monies for expansion and exploration, to guarantee
production purchases, and to buy and sell for the national
stockpile. Most of these strategies, including the use of price
controls (1971-74) were applied most recently during the
Vietnam War. Beginning in the middle 1960's with the
nationalization of copper mines in Chile, the Democratic
Republic of the Congo (formerly Zaire) and Zambia, the
world'sprivate copper-miningindustry (principally American)
lost a significant share of itsnet equity and influence in copper
and its ability to modulate production at times of surplus. In
1978 and 1983, which were periods of depressed copper
prices, the U.S. industry unsuccessfully filed suit with the
International Trade Commission to restrict imports of “low-
priced” copper. Currency devaluations by copper-exporting
counties also served to lower their costs to and maintain
production levels. In 1967, the Inter-governmental CIPEC
wasformed. Itsattempt to intervenein the depressed copper
market in 1975 by limiting production of member countriesto
90% of normal production and by reducing CIPEC-country
copper exports by 15% was not fully observed and was
unsuccessful in stimulating a price rise (Mikesdl, 1979, p.
187-215).

Although the price of copper has been influenced by
business cycles, government policy, and technological
changes, production costs and the balance between supply
and demand have ultimately been the principal determinants.
The above influences, combined with the large capita
investment and long lead times required to develop new
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mines, have, in recent decades, resulted in a highly cyclica
copper industry. World mine production reached a peak in
1974 at the height of a magor economic recession; this
followed capacity growth stimulated by the high-demand war
years. The resulting oversupply kept prices depressed for 4
years. Strong growth in consumption in the latter part of the
1970’s led to tight supplies, high prices, and expansions in
global capacity. When a sharp economic recession began in
1981, world mine production and capacity were again
reaching peak levels. The resulting oversupply depressed
pricesfor 5years and resulted in the initial shutdown of about
one-third of U.S. mine production. The large surplus and
low prices discouraged new production and set the stage for
the tight supplies and high prices that ensued from 1987 to
1992. There had been a 3-year shortfal in globa production
while overhanging inventories were worked off. Therisein
priceduring 1987 was del ayed by changingbusiness practices,
such asashifttojust-in-time inventories, and the expectations
of new capacity. Largecapita investments, particularly inthe
United States, had greatly increased worker productivity and
allowed producersto regain profitability at the prevailing low
prices.

World copper inventories began to rise in 1990 with the
onset of a global recession and, except for a dip in 1992,
continued to rise through most of 1993. Though relatively
high by historical standards, copper prices declined as copper
inventoriesrose. In 1992, ashort-lived dip in inventories that
was attributed to a bottleneck in smelter capacity caused
prices to spike upward for several months before resuming
their downward trend. Despite rising LME inventories, a
second spike in prices occurred in mid-1993; a spot shortage
of copper developed that was attributed to market control by
several large market participants. Prices plummeted in
September when the LME intervened to limit price
backwardation (forward prices selling at a discount to spot
prices).

Prices rose precipitoudy in 1994 following a strong growth
in world demand, which had stagnated during the preceding
3 years, and development of a supply deficit. Beginning in
1994, numerous factorscombinedto stimulate a surge in new
capacity development: arapid growth in world demand fueled
by the United States and Asia; changing political/investment
climates, including increased government stability and
privatization efforts, particularly in South America, made
foreign investment moreattractive; environmental restrictions
made investment in North America less attractive; and
companies sought to protect themselves from future
downturns by investing in lower cost production. An
anticipated surplus in production was delayed, in part, by
higher-than-expected consumption and by production
disruptions, including politica strife in Africa, that reduced
expected output. In June 1996, copper prices plummeted
from the high level of the previous 18 months, the producer
price falingto $0.94, following revelations by Sumitomo that
it had lost several billion dollarson unauthorized copper trades



and speculation by industry that Sumitomo held large References Cited
unreported copper inventories (Platt’s Metals Week, 1996).
Following the sharp drop in prices, however, an increasingly Jolly, JL., 1991, Copper, in Meta prices in the United States

tight copper supply caused pricesto rise, recovering to $1.20 through 1991: U.S. Bureau of Mines, p. 45-52.

per pound. With the onset of the Asian economic crises in Mikesell,R.F., 1979, The world copper industry: Baltimore, MD,
1997, demand failed to keep pace with production increases Johns Hopkins University Press, 393 p.

and an anticipated global copper surplus developed. The  Platt's Metals Week, 1996, Sumitomo copper position raises
constant dollar copper price in 1998 fell to the lowest level rlnar ket anxiety: Pait's Metals Week, v. 67, no. 25, June 7, p.

since the Great Depression of the 1930's.

Annual Average U.S. Producer Copper Price
(Cents per pound')

Year Price Year Price Year Price Year Price
1850 22 1888 16.8 1926 14.05 1964 32.35
1851 17 1889 13.5 1927 13.05 1965 35.36
1852 22 1890 15.6 1928 14.81 1966 36.00
1853 22 1891 12.8 1929 18.35 1967 38.10
1854 22 1892 11.6 1930 13.23 1968 41.17
1855 27 1893 10.8 1931 8.37 1969 47.43
1856 27 1894 9.5 1932 5.79 1970 58.07
1857 25 1895 10.7 1933 7.28 1971 52.09
1858 23 1896 10.8 1934 8.66 1972 51.44
1859 22 1897 11.29 1935 8.88 1973 59.49
1860 23 1898 12.03 1936 9.71 1974 77.27
1861 22 1899 16.70 1937 13.39 1975 64.16
1862 22 1900 16.19 1938 10.22 1976 69.59
1863 34 1901 16.10 1939 11.20 1977 66.77
1864 47 1902 11.63 1940 11.53 1978 65.81
1865 39.2 1903 13.20 1941 12.00 1979 92.19
1866 34.2 1904 12.80 1942 12.00 1980 101.31
1867 25.4 1905 15.60 1943 12.00 1981 84.21
1868 23.0 1906 19.30 1944 12.00 1982 72.80
1869 24.2 1907 20.00 1945 12.00 1983 76.53
1870 21.2 1908 13.20 1946 14.04 1984 66.85
1871 24.1 1909 13.11 1947 21.27 1985 66.97
1872 35.6 1910 12.88 1948 22.32 1986 66.05
1873 28.0 1911 12.55 1949 19.50 1987 82.50
1874 22.0 1912 16.48 1950 21.58 1988 120.51
1875 22.7 1913 15.52 1951 24.50 1989 130.95
1876 21.0 1914 13.31 1952 24.50 1990 123.16
1877 19.0 1915 17.47 1953 29.05 1991 109.33
1878 16.6 1916 28.46 1954 29.94 1992 107.42
1879 18.6 1917 29.19 1955 3751 1993 91.56
1880 21.4 1918 24.68 1956 42.00 1994 111.05
1881 19.2 1919 18.19 1957 30.17 1995 138.33
1882 19.1 1920 17.50 1958 26.31 1996 109.04
1883 16.5 1921 12.65 1959 30.99 1997 106.92
1884 13.0 1922 13.56 1960 32.34 1998 78.64
1885 10.8 1923 14.75 1961 30.32

1886 111 1924 13.28 1962 31.00

1887 13.8 1925 14.30 1963 31.00

1To convert to cents per kilogram, multiply by 2.20462.

Note:

1850-96, New York price for Lake copper (99.9%-pure copper), in Loughlin, G.F., Prefatory note on the report on gold, silver, copper, lead,
and zinc, Mineral Resources of the United States 1922, Part I, U.S. Geological Survey, 1925, p. 127a.

1897-98, New York price for Lake copper (99.9%-pure copper), in Engineering and Mining Journal.

1899-1908, Electrolytic (99.9%-pure copper) refinery price in New York, in Engineering and Mining Journal.

1909-22, Electrolytic (99.9%-pure copper) domestic f.0.b. refinery, in American Metal Market.

1923-72, Electrolytic (99.9%-pure copper) domestic delivered to Connecticut price, in American Metal Market.

1973-77, U.S. producer electrolytic (99.9%-pure copper) wirebar, in Metals Week.

1978-98, U.S. producer cathode (99.99%-pure copper), in Metals Week (1978-92) and Platt's Metals Week (1993-98).
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Gallium

by Deborah A. Kramer

Annual Average Gallium Price
(Dollars per kilogram)
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Significant events affecting gallium prices since 1958
1960-63 Technologic improvementsin gallium recovery and purification techniques
1966-73 U.S. gallium demand increases significantly because of widespread use of light-emitting diodes (LED’s)

Prices shown in the above graph are for galium of
99.9999% purity. This grade has been used since the 1960's
in galium-arsenide-based optoelectronic devices, including
LED’s, laser diodes, and solar cdlls. From 1936 to 1960,
prices for 99.9%-pure gdlium were quoted at $3,000 per
kilogram; this grade of metal, however, had very limited uses
in commercial applications. Most of its consumption was for
experimental purposes; small quantities were used as a
specialized mirror coating, in high-temperaturethermometers,
andinlow-melting-point alloys. Conseguently, therewaslittle
relation between prices prior to 1960 and those after that time
when commercial applications were devel oped.

Gadlium is recovered primarily as a byproduct from the
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refining of bauxite to alumina. As a byproduct metal, price
trends for gdlium are not sgnificantly influenced by
macroeconomic factors; rather, they are driven by gallium
supply and demand relations. The large drop in pricesinthe
ealy 1960's was principaly because of technologic
improvementsin galliumrecovery and purification processes.
Commercia galium extraction techniques were introduced in
the late 1950's (Beja, 1951; delaBreteque, 1957). Asthese
processes were improved, the availability of gallium became
greater, but the demand did not increase.

Introduction of the gallium-arsenide-based LED changed
the consumption pattern of gallium from that of alaboratory
curiosity toametal with some consumer applications. LED:s,



used in consumer applications, such as displays in digital
watches and hand-held calculators, wereresponsiblefor large
annual increases in demand from 1966 to 1973. To capture
the LED market, gallium prices continued to drop throughout
this period.

Research and development of gdlium arsenide’s semi-
conducting properties, which were begun in the mid-1960's,
has continued through 1998 as potential applications for the
materia continue to be evaluated (Brodsky, 1990). Gdlium-
arsenide-based integrated circuits have been developed and
have made inroads into low-volume applications, such as
sophisticated military warfare systems and supercomputers.
Because these are low-volume applications and the quantity
of galium used per unit produced is smal, galium’'s raw
material cost is not asignificant factor in the item’ sfinal cost.
The demand for galium, therefore, has not increased to a
level that cannot be met by existing supplies, and there has
been no incentive to increase gdlium's price.  Although

galium prices have decreased as its uses have grown, it is ill
usedin small quantities compared with many other metals and
only in specidized applications where its properties are
crucial.

Most gdlium prices are directly negotiated between the
producer and consumer, with larger volume consumers able
to negotiate lower prices. Producer-quoted prices, therefore,
may not represent actual sdlling prices; in most cases, they
provide an indication of the trend of gallium prices.

Refer ences Cited

Beja, Maurice, 1951, Method of extracting gallium oxide from
aluminous substances. U.S. Patent 2,574,008, 5 p.

Brodsky, M.H., 1990, Progress in galium arsenide semi-
conductors: Scientific American, v. 262, no. 2, p. 68-75.
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Annual Average Gallium Price’
(Dollars per kilogram)

Year Price Year Price Year Price Year Price
1959 3,000 1969 850 1979 510 1989 475
1960 2,600 1970 850 1980 630 1990 475
1961 2,250 1971 850 1981 630 1991 475
1962 1,750 1972 750 1982 470 1992 475
1963 1,200 1973 750 1983 470 1993 330
1964 1,200 1974 775 1984 445 1994 325
1965 1,200 1975 775 1985 475 1995 390
1966 1,200 1976 775 1986 475 1996 390
1967 1,200 1977 550 1987 475 1997 550
1968 1,200 1978 550 1988 475 1998 550

1 99.9999%-pure gallium metal.

Source: American Metal Market.
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Germanium
by Robert D. Brown, Jr.

Annual Average Germanium Price
(Dollars per kilogram)
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Significant events affecting germanium prices since 1958

1979-82 Increased demand, tight supply

1984 National Defense Stockpile (NDS) authorization, goal 30,000 kilograms
1987 New authorized NDS goal of 146,000 kilograms

1991 NDS goal lowered to 68,000 kilograms

1996 Increased demand, production shortages

1997 NDS stockpile sales begin

Germanium was discovered by Clemens Winkler in 1886,
although its existence had been predicted by D.I. Mendeleev
in his periodic table of dlementsin 1869. Germanium is a
hard, grayish-white element; has a metdlic luster; has the
same crystal structure as diamond; and is brittle, likeglass. It
isa semiconductor, with electrical propertiesbetween those of
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a metal and an insulator. Germanium and its compounds
remained almost entirely items of interest for research until
World War |1, dthough the use of germanium dioxide in
treating anemia was reported in 1922 (Gregory, 1942).

With the invention and development of the crystal diode
and the transistor, in the 1940’s, germanium became an



important industrial material (Bardeen and Brattain, 1948).
Prior to 1945, the amount of germanium produced was very
small, afew hundred pounds per year. From 1945 to 1949,
the demand for eectronic uses resulted in substantial growth
of the germanium industry and higher prices for the metal.

After 1953, germanium prices started to decline
progressively and, by 1966, bottomed out at $175 per
kilogram of meta, the lowest price ever quoted. This price
prevailed for the next 2 years, rosein 1969, and rose again in
1970 because of inflationary trends in the market. Prices
remained constant at $293 per kilogram from 1971 through
1976.

Theinvention and devel opment of the germanium transistor
opened the door for countless applications of solid-state
electronics. From 1950 through the early 1970’s, this area
provided an excellent market for germanium. Inthe 1970's,
demand for germanium in transistors, diodes, and rectifiers
declined, owing mainly to the increasing use of
electronic-grade dlicon as a replacement. The reduced
demand for germanium in the eectronic field was offset,
however, by a dramatic increases in demand in fiber optics
communication networks (Roskill'sL etter from Japan, 1997),
in infrared night vision systems (Meta Bulletin 1975), and as
a polymerization catalyst (Metal Bulletin, 1995). These end
uses represented 77% of worldwide germanium consumption
for 1998.

Increased demand and tight supply caused dramatic
increases in both domestic and foreign prices for germanium
metal beginning in 1979. By December 1981, the domestic
germanium metal quoted price was set at $1,060 per kilogram
and remained there for 13 years. During most of this period,
the free market price remained lower than the published
producer price for germanium metd, owing to the
development of a worldwide excess of supply relative to
demand.

Germanium was designated a strategic and critical material
and was included in the National Defense Stockpile (NDS) in
1984 with an initial goal of 30,000 kilograms of germanium
metd. 1n 1987, a new NDS goal of 146,000 kilograms was
established on the basis of U.S. Department of Defense
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estimates for actual emergency conditions of mobilization. In
1991, the goal was adjusted downwardsto 68,000 kilograms.
In 1995, the Defense Logistics Agency, which manages the
NDS, made plansto sell germanium from the stockpile at the
rate of 4,000 kilograms per year, through 2005. The release
rate was increased to 6,000 kilograms per year in 1997, the
first year of actua sales, and to 8,000 kilograms per year in
1998 (U.S. Department of Defense, 1998). Yearend 1998
inventory was 54,300 kilograms (Defense Logigtics Agency,
oral commun., 1999).

Starting in 1995, the producer price rose again and
fluctuated around $1,500 per kilogram. It reached $2,000 per
kilogram in 1996. The higher price levels were due to
increased demand and shortages in production. The gradual
releases of germanium from the U.S., Russian, and Ukrainian
stockpiles with the lowering of world military tensions tended
to stabilize prices.

Historicaly, the supply of germanium has been more than
adequate to meet demand, and throughout its relatively short
industrial existence, germanium has remained a “ high-tech”
materid.
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Annual Average Germanium Price
(Dollars per kilogram)

Year Price Year Price Year Price Year Price
1945 441 1959 350 1973 293 1987 1,060
1946 397 1960 300 1974 293 1988 1,060
1947 397 1961 300 1975 293 1989 1,060
1948 507 1962 300 1976 293 1990 1,060
1949 727 1963 270 1977 314 1991 1,060
1950 397 1964 270 1978 319 1992 1,060
1951 397 1965 270 1979 398 1993 1,060
1952 484 1966 175 1980 653 1994 1,060
1953 720 1967 175 1981 911 1995 1,375
1954 650 1968 175 1982 1,060 1996 2,000
1955 650 1969 185 1983 1,060 1997 1,475
1956 535 1970 280 1984 1,060 1998 1,700
1957 445 1971 293 1985 1,060

1958 445 1972 293 1986 1,060

Note:

1945-57, Domestic price for 99.9%-pure germanium, in E & MJ Metal and Mineral Markets.

1957-66, Domestic price for zone-refined germanium (99.9999% pure), in E & MJ Metal and Mineral Markets.
1967-81, Domestic price for zone-refined germanium (99.9999% pure), in Metals Week.

1982-93, U.S. producer price for zone-refined germanium (99.9999% pure), in Metals Week [through June 14, 1993].

1993-94, U.S. producer price for zone-refined germanium (99.9999% pure), in Platt's Metals Week.

1995-98, U.S. producer price quotes for zone-refined germanium (99.9999% pure), in U.S. Geological Survey, Minerals Yearbook.
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Au
Gold

by Earle B. Amey

Annual Average Gold Price
(Dollars per troy ounce)
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Significant events affecting U.S. gold prices since 1958
1961 The London gold pool was established in which U.S. central banks and seven other nations agreed to buy and sell gold
to support the $35 per troy ounce price that had been established on January 31, 1934
1968 The London gold pool sustained enormous losses and was discontinued; the two-tier gold price was established, one

tier wasfor official monetary transactions, the other for open-market transactions
1969-70 Mild U.S. recession

1971 President suspends convertibility of dollar into gold, dollar devalued by 7.9%

1972 Officia U.S. gold price increased to $38 per ounce

1973 Official U.S. gold priceincreased to $42.22, dollar devalued, two-tier gold price terminated, Organization of
Petroleum Exporting Countries (OPEC) oil embargo begins

1974 U.S. citizens allowed to hold gold bullion and coins for the first timein 40 years

1975 U.S. Treasury begins public sales of gold stocks

1976 International Monetary Fund (IMF) begins 5-year gold sales program, IMF auctions and lower inflation outlook drive
gold prices down

1977 Hiatusin U.S. Treasury gold sales

1978 U.S. Treasury resumes selling gold, Middle Eastern investors increase gold purchases

1979 Soviet Union invades Afghanistan; political upheaval in Iran, taking of U.S. hostages
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Gold price peaks at an historic daily high of $850 per ounce on January 21, IMF completes 5-year gold sales program
Fluctuating world currency exchange rates, increasing concern about U.S. trade and budget deficits and banking

Conflict in the Persian Gulf and the breaking up of the Soviet Union, erosion of gold’ srole as a safe haven for

1980
1982-88
problems, and Third World debt
1989-91
investors, generally weak economic growth worldwide
1992-96 Gold price remainsrelatively stable
1997-98

Central banks of several countries sell large shares of gold holdings to meet common-currency criteriafor European

Union or to demonetize; bank failures or insolvenciesin East and Southeast Asian countries

The price of afine suit of men's clothes can be used to
show anyone whoisnot familiar with the price history of gold
just how very cheap gold istoday. With an ounce of gold, a
man could buy a fine suit of clothes in the time of
Shakespeare, in that of Beethoven and Jefferson, and in the
Depression of the 1930's. In fact, this statement was still true
in the 1980’s, but not in the late 1990’s. The suit standard
now implies a gold price of perhaps $1,000 per troy ounce.
Today, areally good man's suit can easily cost 4 ounces of
gold, and that is without a vest, which once was standard
(Forbes, 1998).

Increases in gold price have had agood basis of precedent
in history. During the period from 1344t0 1717, the pricefor
gold almost quadrupled, reachingthe equival ent of $20.67 per
ounce. That price was maintained for more than 200 years
until the enactment of the Gold Reserve Act, which increased
it to $35 per ounce, on January 30, 1934. Pressure for ill
another increase in price gathered momentum less than 15
years later. Prices as high as $105 per ounce had been
proposed, and world trade brought prices up to $70 per
ounce. (Colorado School of Mines, 1959).

In November 1961, the London gold pool, in which central
banks of the United States and seven other nations agreed to
buy and sdl gold to support the $35-per-ounce price, was
established (Ryan and McBreen, 1963, p. 607). On March
17, 1968, the governors of the member central banks
announced that they would no longer buy and sdll gold in the
private market, but would sell gold to each other for $35 per
ounce. Thus, atwo-tier market was established—an official
market and a private market—in which the price was
determined by supply and demand (Ryan, 1970, p. 535).

Following the establishment of the two-tier price system, a
fixed price of $35 per ounce for official monetary transactions
and a floating market price for private transactions, the U.S.
Government asked Engehard Minerals and Chemicals Corp.
(known today as Engelhard Corp.), to quote a daily price.
Engelhard initiated a buying quotation—the lowest price at
which it could obtain sufficient gold of 99.95% purity to meet
itsrequirements. A sdlling quotation $0.60 above the buying
price, later reduced to $0.40, was also established (Ryan,
1970, p. 535). Thus, the basis for the average domestic
market price for gold shown in the table was established.

On August 15, 1971, the President announced the
suspension of convertibility of dollarsinto gold (West, 1973,
p. 540). Following provisions of Public Law 92-268, the Par
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ValueModification Act, enacted March 31, 1972, the official
price of gold was increased to $38 per ounce on May 8, 1972
(West, 1975, p. 557).

Following amendments to the Par Vaue Modification Act
contained in Public Law 93-110, enacted on September 21,
1973, the dollar’'s par value was devalued by 10%, to
0.829848 Special Drawing Rights (a unit of account in the
IMF). This fixed the official price of gold at $42.22 per
ounce effective at 12:01 a.m., October 18, 1973. That price
remains unchanged. The two-tier pricing system was
terminated on November 13, 1973 (West, 1975, p.560).

Following provisions of Public Law 93-373, enacted
August 14, 1974, the President was given the authority to
repeal the prohibition on the holding of gold by private
citizens, and effective December 31, 1974, the prohibition
was repealed (West, 1976, p. 603).

Gold occupies a unique position among the world's
commodities; it isan internationally traded commadity and a
long-established, universally acceptable storehouse of value,
considered by many people worldwide to be superior to fiat
paper currencies with fleeting longevity or fluctuating
unpredictable value. It has been said many timesthat gold is
“forever”; its high intrindc and monetary value usualy
dictates that, in time, most of it will be recycled to serve
again. Because of itshistorically high value, much of the gold
mined throughout history is still in circulation in one form or
another (Lucas, 1993, p. 505).

As a consegquence of the dua roles played by gold, as
commodity and as money, its price cannot be viewed as one
would view the price of other goods or services in a free
market. Gold also cannot be viewed strictly from the
standpoint of the U.S. market aone because international
political and economic events that may influence the market
for gold asacommodity may be outweighed by devel opments
perceived to favor gold as a medium of exchange.

During 1969 and 1970 the United States experienced amild
recession, while the Republic of South Africawas permitted
to sdl gold to the IMF at $35 per ounce or less to meet its
foreign exchange needs (Hoyt, 1970, p. 521).

By December 1971, the U.S. dollar had been devalued by
7.9% per exchange agreements reached during the
Smithsonian Accords in Washington, DC (West, 1973, p.
539-540). Affected by previous year's devaluation, the
official U.S. gold price was raised to $38 per ounce on May
8, 1972; speculative buying was encouraged by monetary



policy changes made by the European Economic Community
and by restricted supplies of newly mined gold (West, 1974,
p. 567).

In 1973, the gold market was influenced by a weakening
and devaluation of the U.S. dollar, lowered confidence in
currency values, higher inflation rates, unsettled world trade,
and, for the third consecutive year, lower mine production.
The officia U.S. gold price was increased to $42.22 per
ounce on September 21. An embargo was begun on
petroleum shipments to the United States by OPEC in
mid-October. The two-tier gold price system, begun in 1968,
was terminated (West, 1975, p. 557).

The OPEC embargo contributed to rising oil prices,
worldwide inflation, and general economic uncertainty in
1974. Gold prices rose on speculation near yearend, pending
the yearend removal of restrictions on U.S. citizens holding
gold. Thegold pricetrend was reversed in December by the
U.S. Treasury’s announcement that it would offer 2 million
ounces of Treasury gold for public sale beginning on January
6, 1975 (West, 1976, p. 603). Investor and speculator
interest was diminished by the announcement by the IMF that
it would sell 25 million ounces of gold on the open market
beginning in 1976. The Treasury, however, was able to sell
1.25 million ounces from its gold stock during 1975 (West,
1977, p. 669).

Monthly IMF auctions were begun in midyear 1976 to
provide capital for low-interest loansto devel oping countries.
The IMF planned to sdll atotal of one-sixth of itsgold stocks,
or 25 million ounces, over a 5-year period, and planned to
restore an equal portion to member countries. In addition, a
reduced inflation outlook drove prices down until October
when the low gold price and renewed anxiety about the
economy served to reverse price trends. The Treasury gold
stock was down at yearend owing to its use in Bicentennial
medals, which were made by the Bureau of the Mint and sold
by the American Revolution Bicentennia Administration
(West and Butterman, 1978, p. 591).

The world economy was stagnant in 1977. Limited
successin controllinginflation led to higher gold prices, which
benefitted the IMF auctions that continued throughout the
year. Therewasahiatusin Treasury sales (Butterman, 1980,
p. 428).

IMF auctions continued during 1978, and the Treasury
resumed gold stock sdling (Butterman, 1980, p. 428).
Middle-East oil-producing countries and investors began
purchasing gold with their eroding dollar assets.

Economic conditions worsened during the next 3 years.
Negative political eventsin Iran, Afghanistan, and elsewhere
propelled the price of gold to an historic high of $850 per
ounce by January 21, 1980. The IMF completed its 5-year
auction program in May 1980. The Treasury sold no more
gold in 1980 or 1981 (Lucas, 1981, p. 347). After the U.S.
hostages were released by Iran on January 20, 1981, politica
tension was lessened, which led to less hoarding and reduced
gold prices. The Japanese began to invest in the gold market.
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Although the United States strict monetary policy
contributed to a recession and high interest ratesin 1982, the
advent of computer trading contributed to short-term volatility
in the gold price (Lucas, 1983, p. 370). Lingering effects of
the world economic recession on the mineral industry led to
profit taking during the first part of 1983. Speculative gold
trading to midyear strengthened price but was followed by
profit taking (Lucas, 1984, p. 385). Oil prices weakened,
while gold supplies from mines and officia sourcesincreased.

In 1984, the price declined, owingto increasing strength of
the U.S. dollar and investor sdling. Weakened price and a
favorable market outlook contributed to increases in demand
for gold-bearing fabricated products (Lucas, 1985, p. 423).
The U.S. dollar weakened in the first quarter of 1985 against
major European currencies and the Japanese yen. It contin-
ued weakening in 1986, which encouraged gold investment
(Lucas, 1988, p. 441) as ail prices declined sharply.

By 1987, therewasasharp reversal in world stock markets
with a continued weakness of the U.S. dollar combined with
growing concern regarding U.S. budget and trade deficitsand
increasing U.S. private and Third World debt. Stability of the
international monetary arrangementswas questioned. Volatile
investment markets generated increased gold-trading activity
(Lucas, 1988, p. 441). During 1988, gold prices declined in
response to avariety of factors, such asthe withdrawal of the
U.S.S.R. from Afghanistan, which gave investors the
perception that politica stability was at hand; weakening oil
prices combined with an increase in interest rates by the U.S.
Federal Reserve led to reduced inflationary expectations,
increasingU.S. dollar strength, aswell asimproved U.S. trade
results (Lucas, 1989, p. 64-65).

Official sector gold salesincreased in 1989 ascentral banks
adopted amore aggressive policy of gold management (L ucas,
1991, p. 468). In addition, a change of attitude developed
toward gold, aided by concerns about the security of bonds
and other financial assets and a setback in the U.S. stock
markets in mid-October (Gold Fields Mineral Services
Limited, 1990, p. 8).

The rise in Japanese interest rates in 1990 provided
alternate investment havens. The U.S.S.R. was reported to
have sold significant amounts of gold for hard currency. The
Chinese sold out of equity swap agreements that were
negotiated in mid-1989. The gold price drifted down as a
result of the Persian Gulf War and the recession (Gold Fields
Mineral Services Limited, 1991, p. 8-9).

The brief multination conflict that started in 1991 in the
Persian Gulf did little to affect the perception of moderating
political stability generally or to influence the price of gold for
any sustained period of time. The collapse and restructuring
of the U.S.S.R., however, did much to reduce investor
interest in gold (Gold Fields Mineral Services Limited, 1992,
p. 5).

The end of the 1992 bear market encouraged a return of
European and U.S. investor confidence. In 1993, the high
gold price, which particularly affected the loca currencies of



the Middle East and Asia, resulted in reduced hoarding of
coins and large amounts of gold scrap being off-loaded into
the market (Roskill Information Services Ltd., 1995, p. i).

During 1994, the gold market held onto the gains achieved
during the previous year, but the U.S. dollar price lacked
direction and volatility. Hoarding of gold continued to be
reduced, asinvestors deserted the market (Roskill Information
Services Ltd., 1995, p. i).

The average dollar price of gold remained amost
unchanged between 1994 and 1996. Late in the fourth
quarter of 1996, the Dutch Government provided a key
catalyst by sdling one-third of its reserves (Gold Fields
Mineral Services Limited, 1997, p. 5). Fears that other
central banks might sell their gold reserves followed (CRU
International Ltd., 1996, p. 19).

During 1997 and 1998, central banks of several countries
sold large shares of gold holdings to meet common-currency
criteria for the European Union or to demonetize. Bank
failuresor insolvencies in East and Southeast Asian countries
created uncertainty in investment circles. The price of gold
returned to the low levels of 1979 (Gold Fields Mineral
Services Limited, 1998, p. 5).
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Annual Average Gold Price?
(Dollars per troy ounce?)

Year Price Year Price Year Price Year Price
1968 40.06 1976 125.32 1984 360.66 1992 344.97
1969 4151 1977 148.31 1985 317.66 1993 360.91
1970 36.41 1978 193.55 1986 368.24 1994 385.41
1971 41.25 1979 307.50 1987 477.95 1995 385.50
1972 58.60 1980 612.56 1988 438.31 1996 389.08
1973 97.81 1981 459.64 1989 382.58 1997 332.38
1974 159.74 1982 375.91 1990 384.93 1998 295.14
1975 161.49 1983 424.00 1991 363.29

1 Domestic market price, 99.95%-pure gold.
2 To convert to dollars per kilogram, multiply by 32.1507.

Source: Engelhard Corp., published in Metals Week [through June 14, 1993] and Platt's Metal Week.
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Hafnium
by James B. Hedrick

Yearend Hafnium Sponge Metal Price
(Dollars per kilogram)
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Significant events affecting hafnium prices

1950 The decision to use hafnium-free zirconium in nuclear reactors
1951 The decision to use hafnium in nuclear reactor control rods
1979-81 Economic recession high inflation

In 1923, hafnium was discovered when Dirk Coster and
George Charles von Hevesey separated it from zirconium.
Anton Eduard van Arkd and Jan Hendrik de Boer first
produced metal 2 years later by using the crystal bar
process—hafnium tetrachloride passed over a tungsten
filament (van Arkel and de Boer, 1925). Hafnium and
zZirconium occur together in the ore minerd zircon. Until the
1940's, fractional crystallization of zirconium-hafnium
compoundswas used to produce limited quantities of hafnium
oxideand metal powder. In 1948, hafnium metal powder was
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quoted at $32 per gram ($32,000 per kilogram). Because of
the high costs associated with this technique, a more-
economical means was sought. Development of improved
methods to separate the two e ements beganinthe 1940's. In
1949, the price of hafnium metal powder dropped to $22 per
gram ($22,000 per kilogram). That same year, Carbide &
Chemicals Corp., Oak Ridge, TN, developed a liquid-liquid
solvent extraction technique to remove hafnium from
zirconium; technology that had grown out of the Manhattan
Project (Powell, 1961). Commercial production of hafhium



arose from the need to produce haf nium-free zirconium metal
for use in nuclear reactors. In 1950, a decision was made to
use zirconium in the prototype land-based Nautilus nuclear
reactor for future use in submarines (Wilson and Staehle,
1960, p. 1). In 1951, hafnium was selected as the material to
be used in the reactor’s control rods.

Hafnium was an expensive laboratory metal in 1945 when
development work on an improved magnesium-reduction
process (Kroll process) began at the U.S. Bureau of Mines
(USBM) Northwest Electrodevel opment Experiment Station
in Albany, OR (Etherington, Dalzell, and Lillie, 1955, p. 2).
A pilot plant to produce zirconium metal by using the Kroll
process began operating in 1947 and was expanded in 1949,
1950, and twice in 1951 (Kroll, 1937; Kroll, Schlechten, and
Yerkes, 1946; Kroll, Schlechten, and others, 1947; Krall,
Anderson, and others, 1948). It wasnot until 1951, however,
that the USBM facility produced severa kilogramsof hafnium
metal grading 28% hafnium and the balance zirconium. By
yearend 1951, the USBM produced 3,916 kilograms (8,634
pounds) of hafnium oxide that was used to produce 1,395
kilograms (3,075 pounds) of hafnium sponge (Smith and
Stephens, 1960, p. 84).

Hafnium’s commercial availability coincided with the
expiration of U.S. Department of Defense contracts for
nuclear reactorsin 1962. The price remained stable at about
$165 per kilogram ($75 per pound) for 15 years, and the
continued availability of the metal resulted from the growth
and development of the commercia nuclear industry.

U.S. demand for hafnium declined inthe 1990’ s as no new
orders for nuclear reactors were placed. Demand is primarily
for replacement parts and control rods in existing nuclear
reactors and as an alloying agent in certain superalloys.

References Cited

Etherington, H., Dalzell,R.C., and Lillie, D.W., 1955, Zirconium
andits applicationstonuclear reactors, chap. 1 of Lustman, B.,
and Kerze, F., J., eds., The metalurgy of zirconium: New
Y ork, McGraw-Hill, p. 1-18.

Kroll, W.J,, 1937, The formation of titanium and zirconium:
Zeitschrift fir Anorganishe und Allgemeine Chemie, v. 234, p.
42-50.

Kroll, W.J., Schlechten, A.W., and Yerkes, L.A., 1946, Ductile
zirconium from zircon sand: Transcripts of the
Electrochemistry Society, v. 89, p. 365-376.

Kroll, W.J., Schlechten, A.W., Carmody, W.R., Yerkes, L.A.,
Holmes, H.P., and Gilbert,H.L., 1947, Recent progressin the
metallurgy of malleable zirconium: Transcripts of the
Electrochemistry Society, v. 92, p. 99-113.

Kroll, W.J., Anderson, C.T., Holmes, H.P., Yerkes, L.A., and
Gilbert, H.L., 1948, Large scale laboratory production of
ductile zirconium: Transcripts of the Electrochemistry
Society, v. 94, p. 1-20.

Powell, JE., 1961, Separation of rare earths by ion exchange,
chap. 5 of Spedding, F.H., and Daane, A.H., eds., The rare
earths: New Y ork, John Wiley & Sons, p. 55-73.

Smith, EW., and Stephens, W.W., 1960, Hafnium reduction
process, chap. 3 of Thomas, D.E., and Hayes, E.T., eds,, The
metallurgy of hafnium: U.S. Atomic Energy Commission, p.
83-106.

van Arkel, A.E., and de Boer, JH., 1925, Preparation of pure
titanium, zirconium, hafnium, and thorium metal: Zeitschrift
flr Anorganische und Allgemeine Chemie, v. 148, p. 345-350.

Wilson, W.H.,and Staehle, R.W., 1960, History of hafnium, chap.
1 of Thomas, D.E., and Hayes, E.T., eds., The metalurgy of
hafnium: U.S. Atomic Energy Commission, p. 1-8.

Yearend Hafnium Sponge Metal Price
(Dollars per kilogram®)

Year Price Year Price Year Price Year Price
1959 NA 1969 165.35 1979 181.88 1989 231.49
1960 88.18 1970 165.35 1980 181.88 1990 187.39
1961 88.18 1971 165.35 1981 214.95 1991 187.39
1962 88.18 1972 165.35 1982 214.95 1992 187.39
1963 165.35 1973 165.35 1983 214.95 1993 187.39
1964 165.35 1974 165.35 1984 231.49 1994 187.39
1965 165.35 1975 165.35 1985 231.49 1995 187.39
1966 165.35 1976 165.35 1986 231.49 1996 187.39
1967 165.35 1977 165.35 1987 187.39 1997 187.39
1968 159.84 1978 181.88 1988 231.49 1998 187.39

NA Not available
1 Prices are an average of a range, converted from pounds.

Source: American Metal Market.

56



Indium
by Robert D. Brown, Jr

DOLLARS

Annual Average Indium Price
(Dollars per troy ounce)
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Significant events affecting indium prices since 1958

Period of high demand, significant increase for nuclear control rods

Lower demand after nuclear powerplant accident at Three Mile Island

Economic recessions

Development of indium phosphide semiconductors and indium-tin-oxide thin films
Indium added to National Defense Stockpile (NDS) acquisition plan

NDS acquisition of indium

Steady price increase owing to tight supply and strong demand

Steady price decline owing to greater supply and significant recycling

Release of more than half of NDS holdings

Reduced demand owing to decrease in production of liquid crystal displays (LCD’s) and to shift to more-efficient
thin-film technology

Indium is produced mainly from residues generated during applications, indium was sold only in small quantities during
zinc ore processing. Prior to 1940, indium was used almost this period. The first commercia application came in 1933,
entirdy for experimental purposes, although domestic produc- when small amounts of indium were added to certain gold
tion had begunin 1926. Becauseof itsrarity, about the same dental dloys. The Indium Corporation of America(ICA) was
as that of silver (Weeks, 1973, p. 242) and lack of industria founded in 1934 and became the major domestic producer.
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From 1940 through 1945, prices were usualy determined
through individual negotiations between the producer and
consumer (Ludwick, 1959, p. 9).

Thefirst large-scale application for indium was as a coating
for bearings in high-performance aircraft engines during
World War Il (Slattery, 1995, p. 157). Indium increased
hardness and helped prevent seizure and corrosion of the
bearings. After the war, production gradually increased as
new uses were found in fusible aloys, solders, and
electronics. A producer pricefor indium wasfirst established
by the ICA in 1945, and it remained at the same level through
1963.

During the period from 1973 through 1980, demand
increased, especidly for use in nuclear control rods, and easily
accessible suppliesof raw materias gradualy decreased. The
ICA depleted its source of feedstock in Boalivia and then
obtained source material from Europe. The inability to meet
demand was the major factor in the price reaching $20 per
troy ounce during 1980, when the annual average price was
$17. To increase supply, world producers expanded produc-
tion capacities.

Orders for nuclear control rods dropped when the rate of
nuclear power expansion decreased in the United States
following the Three Mile Idand accident in 1979. Increased
production led to an oversupply during the recessions of the
early 1980's. By 1982, the price had plummeted to less than
$3 per troy ounce (annual average was $3.19). 1n 1988, in
response to growing demand, especially in the Japanese
electronics industry, it climbed to nearly $10 per troy ounce.

In the middle and late 1980’s, the development of indium
phosphide semiconductorsand indium-tin-oxide thin filmsfor
LCD’s aroused much interest. By 1992, the thin-film
application had become the largest end use (Jasinski, 1993).

In 1989, indium was included in the list of materials to be
added to the NDS (Schmitt, 1989). The origina stockpile
goal was 42 metric tons; this was reduced to 7.7tonsin 1992,
During that same year, the Defense Logistics Agency,
manager of the NDS, began purchasing indium. The NDS
had acquired its highest level, 1.56 tons of indium, by 1994.
According to the NDS Annual Materials Plan for 1996,
indium was to be eliminated from the stockpile, but sales
would be limited to 1.1 metric tons per year (American Metal
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Market, 1997). Slightly more than this amount was sold in
1997, leaving the inventory at 0.44 ton, which was sold in
December 1998.

In 1995, atight supply situation with strong demand forced
the priceto increase steadily to a $16.25 per troy ounce high.
Thefollowingyear, increased supply and the implementation
of an efficient recycling process forced prices back down to
a $6.53 per troy ounce low (Roskill Information Services
Ltd., 1996, p. 34). Thisdramatic rise-and-fall ishiddeninthe
annual average statistics, which indicate adrop of only $0.20
from 1995 to 1996.

In 1998, indium demand slackened owing to the second
successive year of somewhat lower LCD production and the
introduction of a new thin-film coating technology that
requires only one-third as much indium per unit as the older
process (Roskill Information ServicesLtd., 1998, p. 2). After
fluctuating moderately in 1997, the price was quite steady in
1998.
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Annual Average Indium Price?
(Dollars per troy ounce?)

Year Price Year Price Year Price Year Price
1936 30.00 1952 2.25 1968 2.50 1984 3.00
1937 30.00 1953 2.25 1970 2.50 1985 2.63
1938 30.00 1954 2.25 1970 2.50 1986 2.61
1939 30.00 1955 2.25 1971 2.50 1987 7.30
1940 23.00 1956 2.25 1972 2.50 1988 9.92
1941 12.50 1957 2.25 1973 1.77 1989 8.55
1942 22.50 1958 2.25 1974 4.42 1990 7.15
1943 12.50 1959 2.25 1975 5.67 1991 6.78
1944 8.75 1960 2.25 1976 8.03 1992 7.01
1945 4.88 1961 2.25 1977 9.77 1993 6.43
1946 2.25 1962 2.25 1978 8.56 1994 4.44
1947 2.25 1963 2.25 1979 13.48 1995 12.06
1948 2.25 1964 2.40 1980 17.00 1996 11.86
1949 2.25 1965 2.75 1981 7.53 1997 9.93
1950 2.25 1966 2.75 1982 4.18 1998 9.52
1951 2.25 1967 2.75 1983 3.19

199.97%-pure indium.
2To convert to dollars per kilogram, multiply by 32.1507.

Note:

1936-66, Indium Corporation of America, producer price.

1967-93, U.S. producer price, in Metals Week (through June 14, 1993).
1993-98, U.S. producer price, in Platt's Metals Week.
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Iron and Stedl
by Michael Fenton

Annual Average Hot-Rolled Steel Bar Price
(Dollars per one hundred pounds)
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Significant events affecting steel prices since 1958

Peak raw steel and pig iron production and peak scrap consumption by steel mills; export restrictions imposed

1965 Therise of scrap-based minimills and continuous casters begins

1970 Beginning of energy crisis

1971-74 Price controlsin effect

1973

1974 Peak scrap consumption (steel mills + ferrous foundries)

1989 First thin-slab continuous caster for flat-rolled steel products begins operating at minimill facility
1990 U.S. exports and imports of ferrous scrap reach record highs

1997 Start of the Asian financial crisis

Of the metallic eements, iron is the most useful and most
abundant, aswell asthe cheapest. The term “iron” refers to
alloysthat contain too much carbon to be formable by forging
or rolling. Theterm “steel” refersto an aloy of iron that is
malleable in some temperature ranges and contains
manganese, carbon, and often other aloying elements.
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Hundreds of individual aloy specifications known as*“ grades”
have been developed to produce combinations of strength,
ductility, hardness, toughness, magnetic permeability, and
corrosion resistance to meet the need of modern consumers.
The ability of steel to be permanently deformed by plastic
working alows it to be formed into many shapes and sizes



(Lankford and others, 1985, p. 773). Principa methods of
hot and cold steel working are hammering, pressing, piercing,
extrusion, rolling, drawing, and forging.

Steel products are priced by asystem of “base prices’ and
“extras’. Ingenerd, each producer specifiesa base price for
each product form that it manufactures. For example, a
producer of carbon steel cold-rolled sheets would specify a
base price for that product. In addition, the producer
specifies completely the range of thickness, width, and other
propertiesthat are covered by the base price. If acustomer’s
requirements are for materia thicker, thinner, wider, or
narrower than the base range, an extra charge is added.
Extras are also added for such requirements as cut-length (as
opposed to sheetsin cail form), special drawing quality, small
orders (e.g., less than 20,000 pounds of a single item), and
other requirements, depending upon the product form.

The cost of transportation from the producer to the
customer is a significant consideration. As a result, a
producer often will adjust his price to match a customer’s
delivered price from amore proximate producer. When such
an adjustment is made, the customer’s cost is the same,
regardless of the location of the shipping mill; the result for
the stedl producer is alower realized price when shipping to
a customer located closer to another producing mill.

Steel prices are usualy quoted by weight. For many
products, however, there is a provision for calculating the
weight of a shipment so that a customer is required to pay
only for the theoretical weight of the product rather than the
actual weight, which normaly is more than the theoretical
weight because of allowable manufacturing variations.
Discountsfromthe quoted price are often available. Inrecent
years, discounts of as much as 25% have been described for
some products at times.

Price indices of groups of steel products have been
reported by the major trade publicationsto show at a glance
the overal movement of steel prices since 1897 (American
Metal Market) and 1926 (Iron Age). For the purpose of this
publication, hot-rolled carbon sted bar was selected because
it has been produced continuously since the adoption of the
Bessemer steelmaking process in 1875; its historical price
series is indicative of prices for the range of steel products;
and its price does not incorporate the cost of extensive
processing after hot rolling.

For the entire period of this review, except during World
War 1, prices of hot-rolled carbon steel bar fluctuated within
anarrow $8.00 range, in constant dollar terms. During World
War |, steep price increases brought about price controls,
which were also imposed on the industry during World War
Il (Campbell, 1948). During the 1960’s, prices in current
dollars, increased very slowly, but the energy crisis of 1970
started a period of rapid price escalation as energy costs of
steel companiesincreased rapidly andinflation dominated the
economy. Wages of steel industry workers were auto-
matically increased because of inflation protection clausesin
their union contracts. Priceincreaseswere necessary to keep
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pace with rapidly escdating costs. From 1971-through 1974,
price controls were indtituted in an attempt to hat price
inflation, but were abandoned when they proved ineffective
and administratively infeasible.

During the early 1970’s, a new approach to steelmaking
gained prominence that caused record highs in sted
production (1973) and scrap consumption (1974). Small stedl
plants were erected to produce simple products such as hot-
rolled bars of steel. The first plants began production in
1965. These new plants, caled minimills, did not have blast
furnaces to process iron ore, but instead modern electric
furnaces and continuous casters were used to melt ferrous
scrap and cast the raw steel into products at the lowest
possible cost. Competition with blast-furnace-based steel
mills increased as thin-dab continuous casting equi pment was
adopted, first in 1989, to produce products at thinner gauges
with ever improving qudity at increasingly lower costs
(American Metal Market, 1997; 33 Metal Producing, 1998).
Minimills have been able to capture a significant share of the
market by setting prices that the previously dominant steel
companies were unable to match.

One of the relatively simple products that the minimill
companies have come to dominate is hot-rolled steel bar.
Discountsfrom the quoted prices have been widdy available,
and this was especialy true during the late 1970's and early
1980’ sasminimill compani es gained dominance of the market
for hot-rolled stedl bar. 1n 1984, the mgjor steel mills stopped
revisingtheir quoted prices. 1n 1987, American Metal Market
discontinued the publication of the major mill price and began
to report the quoted prices of the minimills, which were more
representative of market transaction prices. Thischangewas
marked by the 29 percent drop in the quoted price, to $17.12.

The first half of the 1990's were years of increasing
domestic demand for sted products and increasing domestic
capacity to satisfy this demand. U.S. exports and imports of
ferrousscrap reached record highsin 1990, but there was il
a trade deficit. By 1997, the American Iron and Steel
Institute (A1SI) reported an indirect steel-trade surplusof 1.1
millionmetric tons, the first surplus since A1SI begantracking
the measurement in 1984 and perhaps since the late 1970's
(American Iron and Steel Institute, 1998). This surplus
confirmed that U.S. manufacturers were among the world’s
most competitive producers of high-quality, steel-containing
goodsin 1997.

Despite risng domestic steel mill capacity, imports of
semifinished stedl increased significantly in 1993; these
imports were needed to make up for the domestic shortage of
hot metal capacity in order to satisfy the U.S. market demand
for finished steel mill products. Domestic producers were
also unable to keep up with demand for finished steel
products. An unfavorable currency exchange rate made
foreign steel prices much more competitive.

A financial criss began in Asia in 1997 when Thailand
devalued its currency (Garino, 1999). Prospering economies
in China, Hong Kong, Indonesia, Japan, the Republic of



Korea, Maaysia, Singapore, Taiwan, and Thailand were
serioudly weakened. Stedl consumption began to decline in
these countries as they imported less steel and canceled some
new steel production projects.  Generally, significant
production decreases were not feasible because sales were
needed to repay loans granted by the International Monetary
Fund to support the economies of these countries (Becker,
1998). Throughout 1998, the United States was the recipient
of large quantities of inexpensive semifinished stedl imports.
Declining prices adversely affected domestic steel producers,
who filed antidumping law suits and appealed for the
implementation of steel import quotas. The combination of
weak steel demand in the Pacific Basin, a strong dollar, and
falingworld export prices may continue to cause importation
of low-priced stedl into the United States to the detriment of
domestic steelmakers.
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Annual Average Hot-Rolled Steel Bar Price
(Dollars per one hundred pounds?)

Year Price Year Price Year Price Year Price
1897 0.99 1923 2.33 1949 3.35 1975 11.43
1898 0.95 1924 2.20 1950 3.47 1976 11.32
1899 1.95 1925 2.04 1951 3.70 1977 12.68
1900 1.61 1926 1.99 1952 3.78 1978 14.01
1901 1.44 1927 1.84 1953 4.05 1979 14.01
1902 1.58 1928 1.87 1954 4.22 1980 16.20
1903 1.56 1929 1.92 1955 4.47 1981 16.95
1904 1.33 1930 1.73 1956 4.81 1982 17.23
1905 1.48 1931 1.63 1957 5.25 1983 20.25
1906 151 1932 1.58 1958 5.35 1984 22.08
1907 1.60 1933 1.64 1959 5.68 1985 24.10
1908 1.48 1934 1.81 1960 5.68 1986 24.10
1909 1.31 1935 1.80 1961 5.68 1987 17.12
1910 1.43 1936 1.92 1962 5.68 1988 17.25
1911 1.26 1937 2.40 1963 5.74 1989 19.60
1912 1.25 1938 2.35 1964 5.93 1990 20.43
1913 1.38 1939 2.19 1965 5.93 1991 20.60
1914 1.15 1940 2.15 1966 5.89 1992 17.48
1915 1.31 1941 2.15 1967 5.92 1993 18.44
1916 2.48 1942 2.15 1968 6.14 1994 18.95
1917 3.49 1943 2.15 1969 6.56 1995 18.95
1918 2.89 1944 2.15 1970 6.98 1996 18.95
1919 2.43 1945 2.21 1971 7.89 1997 19.75
1920 2.99 1946 2.47 1972 7.13 1998 18.75
1921 1.89 1947 2.72 1973 8.38

1922 1.70 1948 3.09 1974 10.78

1To convert to dollars per metric ton, multiply by 22.0462.

Note:

1897-February 1987, hot-rolled carbon steel bars merchant, Pittsburgh base, dollars per cwt., in American Metal Market.
March 1987-1998, hot-rolled carbon SBQ (special bar quality) 1000 series, in American Metal Market.
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Iron and Stedl Scrap
by Michael Fenton

Annual Average U.S. Steel Scrap Prices
(Dollars per metric ton)

350

300

250

—— 1992 dollars
—— Current dollars

200

DOLLARS

150

A

\4

M A
\/

YA

100

50

VAV/-;WM

W

0 T T

1962

1965

1968

1971

1974

1959 1977

1995

1980 1983

1986

1989

1992 1998

YEAR

Significant events affecting steel scrap prices since 1958

Peak raw steel and pig iron production and peak scrap consumption by steel mills, price controls and export

1965 Therise of scrap-based minimills and continuous casters begins
1973
restrictionsimposed
1974 Peak scrap consumption (steel mills + ferrous foundries), export restrictions imposed
1989 First thin-slab continuous caster for flat-rolled steel products begins operating at minimill facility
1990 U.S. exports and imports of ferrous scrap reach record highs

Asian financial crisis begins

Iron and steel (ferrous) scrap is generated within steel mills
and foundries (home scrap) or industria plants (prompt or
industrial scrap) while fabricating new iron and stedl products
and objects discarded because of obsolescence (obsolete
scrap). Ferrous scrap recycling is a complex industry that is
dependent on the vigor of the two major consumers of
scrap—steel mills and ferrous foundries. Thousands of scrap
fecilities employ tens of thousands of people to collect,
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process, and distribute scrap in several regiona U.S. markets
and the international export market.

In afree-market economy when Government price controls
are not in effect, scrap prices react quickly to changes in
supply and, especialy, demand. When demand for steel mill
and foundry products is low, demand for scrap is low, and
pricesfdl. Dealerscannotinfluence salesof scrapif millsand
foundries do not need it to charge their furnaces. Deders can



hold back some scrap from mills and foundries when prices
are below their costs to purchase and process it. Scrap
generated by industria plants, however, must be disposed of
each month to the highest bidder to make room for more
scrap. Prices are also influenced by technological changesin
stedl mills and foundries, processing and upgrading to desired
physical and chemical qualities, the use of scrap substitutes,
environmental controls and other Government laws and
regulations, and export demand. Scrap metal prices quotedin
major trade publications, such as American Metal Market,
have been considered by many economiststo be an excellent
barometer of currentindustrial demand. Of particular interest
isthe No. 1 Heavy Melting Stedl (No. 1) composite price of
three citiesCChicago, IL, Philadelphia, PA, and Pittsburgh,
PACwhich has been recorded by American Metal Market
since 1907.

During the past 90 years, the price of No. 1 responded to
supply-and-demand forces in a free-market economic
environment, and pricefluctuations were sometimesdramatic
from year to year. The Great Depression (1929-33) was a
time of declining manufacturing activity with al-time record
lows in demand and prices for scrap from 1931 to 1933.
During World Wars | and |1, demand increased to the point
that the Government adopted price controls to halt scrap price
inflation (Campbell, 1948). The price of No. 1 nearly tripled
as a result of high demand during World War Il. The
Government also adopted price controls during the Korean
conflict.

During the early 1970's, a new approach to steelmaking
gained prominence, which caused record highs in sted
production (1973) and scrap consumption (1974). New,
comparatively smaller steel plants were built to produce
smple products, such as hot-rolled bars of steel. These new
plants, called minimills, did not have blast furnacesto process
iron ore; instead, modern eectric furnaces and continuous
casters were used to melt ferrous scrap and to cast the raw
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steel into products at the lowest possible cost (Iron and
Steelmaker, 1998). Minimills have been able to capture a
sgnificant share of the market by setting prices that the
previously dominant steel companies were unable to match.
By 1990, U.S. exports and imports of ferrous scrap to feed
minimills built in the United States and abroad reached record
highs.

Ferrous scrap prices declined significantly during 1991 as
domestic and world demand for scrap decreased. Domestic
demand began to increase during 1992, and world demand
remained weak. The period from 1993 to the first half of
1997 was one of strengthening demand for ferrous scrap and
rising prices. Developing countriesin Asia, Eastern Europe,
and Latin America experienced significant economic growth.
Minimill capacity increased worldwide, and integrated steel
mills increased efficiency and scrap usage.

A financial criss began in Asia in 1997 when Thailand
devalued itscurrency. Prospering economiesin China, Hong
Kong, Indonesia, Japan, the Republic of Korea, Malaysia,
Singapore, Taiwan, and Thailand were seriously weakened.
Asian ferrous scrap purchases decreased, and prices of scrap
declined, which adversdly affected the domestic scrap
industry (Gavaghan, 1998).

By the end of 1998, prices had stabilized at alevel about
$40 per ton below the priceleve of the first half of the year.
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Annual Average U.S. Steel Scrap Price'
(Dollars per metric ton)

Year Price Year Price Year Price Year Price
1907 16.27 1930 13.25 1953 39.27 1976 76.74
1908 13.40 1931 9.58 1954 28.29 1977 63.05
1909 15.49 1932 7.29 1955 39.12 1978 75.92
1910 14.48 1933 9.20 1956 52.61 1979 97.41
1911 12.20 1934 10.74 1957 46.36 1980 91.42
1912 13.08 1935 11.52 1958 37.21 1981 91.86
1913 11.94 1936 14.48 1959 37.09 1982 62.72
1914 10.33 1937 17.63 1960 32.68 1983 71.76
1915 12.07 1938 13.21 1961 35.80 1984 86.52
1916 17.13 1939 15.95 1962 27.89 1985 68.93
1917 28.62 1940 18.22 1963 26.47 1986 73.00
1918 28.11 1941 19.12 1964 35.92 1987 84.41
1919 18.05 1942 18.87 1965 33.73 1988 107.26
1920 23.57 1943 18.87 1966 30.18 1989 105.61
1921 12.46 1944 18.33 1967 27.19 1990 105.46
1922 15.58 1945 18.84 1968 25.53 1991 91.79
1923 18.89 1946 19.83 1969 30.08 1992 84.67
1924 16.91 1947 35.08 1970 44.24 1993 112.44
1925 16.91 1948 40.89 1971 33.92 1994 126.82
1926 15.33 1949 27.06 1972 36.05 1995 135.03
1927 13.94 1950 34.78 1973 56.76 1996 130.60
1928 14.13 1951 42.46 1974 106.13 1997 130.45
1929 15.97 1952 41.23 1975 71.37 1998 108.30

1 Composite price of No. 1 Heavy Melting Steel scrap at Chicago, IL, Philadelphia, PA, and Pittsburgh, PA, (three-city average). As defined
by the Institute of Scrap Recycling Industries, Inc., No. 1 Heavy Melting Steel is wrought iron and/or steel scrap ¥4 inchand more in thickness.
Individual pieces not more than 60 x 24 inches (changing box size) are prepared in a manner to ensure compact charging.

Source: American Metal Market.
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Iron Ore
by William S. Kirk

DOLLARS

DOLLARS

Annual Brazilian Iron Ore Pellet Price
(U.S. dollars per metric ton contained iron)

120
— 1992 dollars

100 \ —m— Current dollars

80 \——

60

40 N

20

O T T T T T T T T T T T T T T T T T T T T T T
1974 1977 1980 1983 1986 1989 1992 1995 1998
YEAR
Annual Brazilian Iron Ore Fines Price
(U.S. dollars per metric ton contained iron)
60
—— 1992 dollars
50
—m— Current dollars

40
° ’“KFH\//{.\\-\;T
) F.\-/./l—(
10

O T T T T T T T T T T T T T T T T T T T T T T T

1974 1977 1980 1983 1986 1989 1992 1995 1998

YEAR

69



Significant events affecting iron ore prices since 1958

1973-75
1981-82 Sharp recession
1997 Beginning of the Asian financia crisis

Organization of Petroleum Exporting Countries (OPEC) oil embargo and sharp recession

Iron ore is used to make iron and stedl. Iron is the most
useful, abundant, and cheapest of the metallic elements. In
metallurgical terms, “iron” refers to aloys that contain too
much carbon to be formable by forging or rolling. The term
“sed” refers to an dloy of iron that is malleable at some
temperature ranges and contains carbon, manganese, and
often some other aloying elements. Steel is made by using
the blast furnace/basic oxygen furnace (BF/BOF) process or
the electric arcfurnace (EAF) process. The BF/BOF process
first makes iron by smelting iron ore in a blast furnace and
then using that iron to make steel in a BOF. In the EAF
process, iron and stedl scrap and often direct reduced iron are
melted to produce stedl.

Almost al (98%) iron oreis used to makeiron and steel so
its price is determined by what steelmakers are willing to pay
for it and that is based on how the ore behaves in the iron-
making process—whether it raises or lowers the costs of
producing steel. The behavior of iron orein theiron-making
process is determined by its chemical composition and by its
structure or form, both of which affect blast furnace
productivity. The chemical congtituents that affect the
productivity of ablast furnace are iron content, levels of the
undesirable substances silica and alumina, moisture and
impurities, and levels of the desirable substances limestone
and dolomite.

The forms that affect blast furnace productivity—fines
(fine ores), lump, and pellets—are dso the primary market
products. Minor quantities of iron ore concentrate are also
sold. Fines are defined as iron ore with the mgjority of
individua particles measuring lessthan 4.75 millimeters (3/16
inch) diameter. Conversely, lump is iron ore with the
majority of individual particles measuring more than 4.75
millimeters diameter. Fines and lump are produced from the
same ore and are separated by screening and sorting. Neither
product is concentrated. Pellets, the third product type
(form), begin as afined-grained concentrate. A binder, often
clay, is added to the concentrate, which is then rolled into
balls. The balls then pass through a furnace where they are
indurated and become pellets, usually measuringfrom 9.55to
16.0 millimeters (3/8-5/8 inch).

Although fines and lump ores cost about the same to
produce, fines fetch lower prices than lump because they
must be sintered by the steel mill before they can be charged
to the blast furnace. Thisisdone to improve permeability of
the furnace burden and to prevent loss of fines up the stack.
Pellets can be charged directly into the blast furnace as can
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lump ore, but the latter can decrepitate in thefurnace, thereby
lowering its value to the steel mill operator. Pelletsareusually
the most desirable form of iron ore because they contribute
the most to the productivity of the blast furnace. Lump ore
is the next most desirable ore in terms of blast furnace
productivity. Theleast desirableform isfines, which must be
agglomerated (sintered), usudly by the steelmaker, before
being charged to the blast furnace.

If the chemistry and structure of an iron ore are favorable,
then iron- and steel-making costs are reduced, and the
steelmaker iswillingto pay a higher per-unit pricefor this ore
than for one with less favorable properties. Although an ore
with a high iron content and good structure is desirable for
increasing productivity in a blast furnace, preference may be
given to a lower qudity ore if the price is low enough to
compensate for its less favorable characteristics. No such
flexibility occurs in direct reduction, where ore-quality
parameters are very stringent. The direct reduction process
uses pellets and lump with chemical characteristics that have
historically supported a price premium over blast furnace
grades. Fines-based direct reduction processes are now under
development.

A steelmaker’ spreference for pellets over finesis reflected
inthe prices. From 1976 through 1998, the average pricefor
Brazilian fineswas $27.03 per metric ton; and the average for
Brazilian pellets was $44.31 per metric ton. Althoughiron ore
prices rose during the 1976 to 1998 period, when adjusted for
inflation, they fdl considerably. The price for fines in
constant dollars declined by 53.2% and the pricefor pdletsin
constant dollars dropped by 56.2%. Theinflation adjustment
factor used was the Consumer Price Index for All Urban
Consumers (CPI) from the U.S. Bureau of Labor Statistics.
The CPI was rebased to 1992.

Another factor that affects which form of iron ore used is
steel demand. When demand islow, European and Japanese
steelmakers switch to fines because they do not have to be
concerned with productivity targets. Inatight market, more
pdlets and lump are consumed.

Until the 1980’ s, thereweretwo international iron ore price
structures, each related to a specific geographic area: North
America and the other market economy countries (Franz,
Stenberg, and Strongman, 1986). In North America, more
than three-quarters of iron ore production capacity was
owned directly by its consumers, the integrated stedl
companies. These equity ownership conditions led to stable
“cost-plus’ pricing, meaning the iron ore producers were paid



what it cost them to produce the ore, plus royalty and
management fees. Prior to this, there was very little need to
be competitive (Marcus, Kirsis, and Kakela,1996). Demand
was high, and the North American iron ore industry was
growing, as it had for 25 years. Pellet capacity expanded
steadily from its first commercialization in 1955 to a peak
capacity of 127 million metric tonsin 1980.

In 1982, major structural changesoccurredin the domestic
iron ore industry, one of which was the development of a
U.S. spot market for pellets. Most spot sales are individualy
negotiated, one-time contracts made directly between buyer
and seller. The spot market led to the beginning of price
competition and a winding down of the Lower Lakes pricing
system, which had served theiron oreindustry for 100 years.
Previously, only annual sales, multiyear contracts, or equity
ownership transactions existed. The North Americaniron ore
industry had to cut capacity and lower prices to make
domestic ore competitive with imported material. Thismeant
that the industry had to lower production costs to stay in
business, which was done by greatly improving labor
productivity, reducing wages, negotiating lower cost power
contractsand royalty agreements, pressingsupplierstoreduce
prices for materials, lobbying legidators for tax breaks, and
paying off debt. Theresultswere dramatic. Domestic mines
cut costs by 30%, reduced capacity by one-third, and lowered
prices by 42%. Domestic producers are continuing their
efforts to reduce costs. The spot market has persisted and,
with the reduction of steel mill ownership of iron ore minesto
about 63%, has grown stronger.

Exported iron ore is traded in the seaborne market, and
prices are determined by market forces. Two iron ore price
lists, one for prices of ore to Europe and the other for prices
to Japan are widely published. All iron oreis priced in U.S.
dallars, whichfacilitates comparison. The unit pricing system
is used with iron ore to accommodate variations in iron
content. Prices are quoted in U.S. cents per ton unit of iron.
A unit is 1/200, or 1%, of the weight of aton of iron so that
1 metric ton unit correspondsto 1/100th of ametricton. This
means that a steelmaker that buys 1 ton of ore that is about
65% ironispayingfor 1 ton of iron contained in that ore and
will receive about 1% tons of ore.

These prices are usualy set during lengthy negotiations
between Brazilian iron ore producers and German steel-
makers and between Audtralian producers and Japanese
steelmakers. Australia and Brazil with roughly equal shares
dominate the export market, have a combined share of world
iron ore exports of 62%; the next largest exporter has only a
6% share. Europe and Japan, with roughly equal shares, have
a combined share of world imports of 57%; the next largest
importer has 12%. The price agreed on for ore to Europe is
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applicable for the calendar year effective January 1% of that
year. For ore sold to Japan, prices are set for the Japanese
fiscal year, which beginson April 1% and ends on March 31%.
The pricefor iron ore finesis usually settled first because it is
the predominant type of ore used in Europe and Japan.
Pricesfor pelletsand lump ore are then set based on the fines
prices.

The stedl recession that was the result of the OPEC ail
embargo created downward pressure on iron ore prices that
can be seen in the Brazilian fines price for 1978, the lowest
level of the 1976- through-1998 period (See pricetables). As
theworld economy recovered, iron ore pricespeaked in 1982,
Prices then dropped as the 1981-82 recession combined with
major increases in iron ore production capacity in Australia,
Brazil, and Venezuela created a situation of oversupply.
During this period, one U.S. steelmaker permanently closed
16% of its production capacity. U.S. iron ore production fell
from 73.4 million tonsin 1981 to 36.0 million tons in 1982.

Prices continued to fdal until 1989, when economic
conditions began to improve. Decreasing stedl production
caused pricesto fal until 1994 when they beganrising as the
world sted industry enjoyed a number of years of increased
production. In 1997, domestic steelmakers increased
shipments for the sixth consecutive year, the longest
consecutive increase ever.

During the second half of 1998, the U.S. steel industry
became a victim of the world's growing financia criss
(Hogan, 1999). With the spread of the Asian economic
recession, steel demand and export opportunities were
curtailed within the region and Asian stedl producers,
particularly in Japan and the Republic of Korea, started to
divert more of their products for export, much of it aimed at
the United States. Despite high demand for steel, U.S. steel
shipments declined by about 3%. Lower steel production in
the United States and the rest of the world in 1998 caused the
Brazilian fines price for 1999 to fall to $26.96, a decrease of
9.2%.
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Annual Brazilian Iron Ore Pellet Price*
(U.S. dollars per metric ton contained iron)

Year Price Year Price Year Price Year Price
1976 43.80 1982 47.50 1988 40.35 1994 43.64
1977 42.80 1983 39.00 1989 47.33 1995 49.14
1978 36.40 1984 36.00 1990 51.60 1996 52.40
1979 39.96 1985 36.00 1991 52.15 1997 52.10
1980 47.05 1986 36.60 1992 48.47 1998 53.56
1981 43.05 1987 36.70 1993 43.64

! Prices are for Brazilian iron ore pellets sold to Europe, f.0.b. Tubaro terminal, Southern System, Cia. Vale do Rio Doce.

Source: TEX Report Co. Ltd., Iron ore manual, [various years].

Annual Brazilian Iron Ore Fines Price’
(U.S. dollars per metric ton contained iron)

Year Price Year Price Year Price Year Price
1976 22.70 1982 32.50 1988 23.50 1994 24.47
1977 23.00 1983 29.00 1989 26.56 1995 26.95
1978 21.50 1984 26.15 1990 30.80 1996 28.57
1979 23.30 1985 26.56 1991 33.25 1997 28.88
1980 28.10 1986 26.26 1992 31.62 1998 29.69
1981 28.10 1987 24.50 1993 28.14

! Prices are for Brazilian iron ore fines sold to Europe, f.0.b. Tubaro terminal, Southern System, Cia. Vale do Rio Doce.

Source: TEX Report Co. Ltd., Iron ore manual, [various years].
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L ead
by Gerad R. Smith

Annual Average Lead Price
(Dollars per pound)
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Significant events affecting lead prices since 1958
1961-1969 Lead and Zinc Mining Stabilization Program in effect
1971-1973 Price controls
1976-1979  Post-Vietnam War boom—highest historical price
1982-1986  More stringent environmental controls imposed on production
1986-1991 Industry retrenchment—attendant cost reductions
1992-1996 Increasing demand, particularly in lead-acid battery sector
1997-1998 M oderate weather in more popul ated regions—demand for replacement automotive batteries slowed

Leadisavery dense, ductile, malleable, corrosion resistant,
blue-gray metal that has been used for at least 5,000 years.
Early usesof lead were in building materials, water pipes, and
pigments for glazing. The castles and cathedras of Europe
contain considerable quantities of lead in roofs, windows,
pipes, and decorative fixtures (Shea, 1996, p. 1). In the
United States, lead was first mined in Virginia in 1621.
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During the colonia period, mining was carried out in New
York, North Carolina, and several New England States. By
the late 1860's, most of the mine production of lead came
from the lower and upper Mississippi Valley regions. A
westward expansion of mining began soon thereafter. Many
gold and silver mines were developed, some of which
contained significant concentrations of lead. Inaddition, the



Missouri Lead Belt, in southeastern Missouri, wasdevel oped,
aswadl asthe Tri-State L ead District, which included Kansas,
Missouri and Oklahoma. By thelate 1950's, depletion of lead
reservesin the Lead Bt and discontinuation of miningin the
Tri-State region, encouraged the discovery and devel opment
of the Viburnum Trend mining region in southeast Missouri,
thus establishing the framework of the current domestic
primary lead industry. Missouri has been the foremost lead-
mining State since 1907 and has retained that status through-
out the century, except for 1962 when mine output was
curtailed by a prolonged strike (Hofman, 1918, p. 1-6;
Howe, 1980, p. 1-5).

In conjunction with the mining of lead, numerous primary
lead smelters and refineries have been operated in the United
States since primary lead production was first recorded in
1825. By 1887, annual production of primary refined lead
had reached 132,000 metric tons and had increased to a high
of 725,000 tons by 1926, representing 87% of the total
refined lead production. Asthe production of secondary lead
increased, production of refined lead from primary sources
gradudly decreased. In 1997, annua production of primary
refined lead was 343,000 tons, representing 24% of the total
refined lead production. The price of primary refined lead
increased from $0.04 per pound in the early 1900's to $0.12
per pound in 1959, reaching a high of about $0.18 per pound
during the post-World War |1 economic boom from 1946 to
1948 and the Korean conflict in the early 1950’s. Between
1959 and 1973, lead prices remained farly stable, ranging
from $0.12 to $0.16 per pound. This stability was due, in
part, to the enactment of Public Law 87-374, the Lead and
Zinc Mining Stabilization Program, in 1961. The program,
which remained in effect through 1969, authorized payments
to qudified miners when the market price of lead dropped
below $0.145 per pound. In the early 1970's, movement in
the price of lead was restrained by anti-inflation price
controls.With the lifting of price controls in December 1973,
the price of lead quickly increased, reaching a historic high in
1979 during the post-Vietham War economic boom. By the
late 1990's, the price of lead had increased tenfold compared
with the price at the beginning of the century. In terms of
1992 dollars, however, the price of primary refined lead was
$0.39 per pound in 1998 compared with $0.59 per pound in
1959.

Historically, lead has not been and is not a price-élastic
commodity. Its significant uses in any given era have not
depended on priceand, for the most part, other metals cannot
substitute for lead in these cases. Prior to the early 1900's,
uses of lead were primarily for shot, bullets, water lines and
pipes, pewter, brass, glazes, paints or other protective
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coatings, burid vault liners, and leaded glassor crystal. With
the advent of the electricd age and communications
accelerated by technological developments in World War 1,
cable lead and solders became preeminent. With the growth
in production of public and private motorized vehiclesand the
associated use of sarting-lighting-ignition (SLI) lead-acid
storage batteries and terne metal for gas tanks after World
War |, demand for lead increased. In addition to their
continued use in SLI applications, new uses of storage
batteries have included motive sources of power for industrial
forklifts, airport ground equipment, mining equipment, and a
variety of other e ectrical-powered, non-road utility vehicles,
as well as dtationary sources of power in industria-type
applications, such as uninterruptible electrical power supply
equipment for hospitals, computer and telecommunications
networks, and load-leveling equipment for commercial
electrical power systems. Most of these uses continued to
expand with the population and the national economy, and
total demand accel erated further with electronic developments
(primarily television and video display tubes) and demand for
leaded gasoline after World War 11, peaking between 1977
and 1979. With the near phaseout of lead in gasoline, paints,
solders, and water systems, and the imposition of expensive
environmental production controls, the industry experienced
hard times between 1982 and 1986. However, the industry
made a dramatic recovery by the late 1980's, owing to
massiveretrenchment in the primary and secondary producing
sectors with attendant cost reductions, and to expansion in
demand for industrial-type battery systems, and record SLI
battery shipments. Growth in the battery industry continued
into the 1990's. By 1997, lead-acid <torage batteries
represented a record-high 87% of reported U.S. consumption
of lead. Demand for lead in the battery sector is associated,
to a dgnificant extent, with the demand for replacement
automotive batteries. In 1997 and 1998, there was some
softness in the price of lead owing to 2 consecutive years of
moderate temperatures in the more-populated regions of the
United States that reduced the rate of failure of automotive-
type batteries.
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Annual Average Lead Price
(Dollars per pound?)

Year Price Year Price Year Price Year Price
1909 0.043 1932 0.032 1955 0.151 1978 0.337
1910 0.044 1933 0.039 1956 0.160 1979 0.526
1911 0.044 1934 0.039 1957 0.147 1980 0.425
1912 0.045 1935 0.041 1958 0.121 1981 0.365
1913 0.044 1936 0.047 1959 0.122 1982 0.255
1914 0.039 1937 0.060 1960 0.119 1983 0.217
1915 0.047 1938 0.047 1961 0.109 1984 0.256
1916 0.069 1939 0.051 1962 0.096 1985 0.191
1917 0.088 1940 0.052 1963 0.111 1986 0.221
1918 0.074 1941 0.058 1964 0.136 1987 0.359
1919 0.058 1942 0.065 1965 0.160 1988 0.371
1920 0.080 1943 0.065 1966 0.151 1989 0.394
1921 0.045 1944 0.065 1967 0.140 1990 0.460
1922 0.057 1945 0.065 1968 0.132 1991 0.335
1923 0.073 1946 0.081 1969 0.149 1992 0.351
1924 0.081 1947 0.147 1970 0.157 1993 0.317
1925 0.090 1948 0.180 1971 0.139 1994 0.372
1926 0.084 1949 0.154 1972 0.150 1995 0.423
1927 0.068 1950 0.133 1973 0.163 1996 0.488
1928 0.063 1951 0.175 1974 0.225 1997 0.465
1929 0.068 1952 0.165 1975 0.215 1998 0.453
1930 0.055 1953 0.135 1976 0.231

1931 0.042 1954 0.141 1977 0.307

1 To convert to dollars per kilogram, multiply by 2.20462.

Note:

1909-36, Primary producer price, New York (Common lead, 99.94% pure), in Engineering and Mining Journal.
1937-66, Primary producer price, New York (Common lead, 99.94% pure), in E&MJ Metal and Mineral Markets.
1967-70, Primary producer price, New York (Common lead, 99.94% pure), in Metals Week.

1971-85, Primary producer price, delivered (Minimum 99.97% pure), in Metals Week.

1986-93, North American producer price, delivered (Minimum 99.97% pure), in Metals Week [through June 14, 1993].
1993-99, North American producer price, delivered (Minimum 99.97% pure), in Platt’'s Metals Week.
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Yearend Average Lithium Price
(Dollars per pound)
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Production of lithium minerals was first reported in the
United States in 1898. Spodumene and amblygonite from
Cdlifornia and South Dakota were exported for conversion to
lithium chemicals. It was not until about 1916, during World
War 1, that lithium chemical production began in the United
States (Schaller, 1917). Shortly after that, the United States
becamethelargest producer of lithium minerals and chemicals
in the world (Schaller, 1917). Dominant production sites
shifted from the original States to North Carolina in 1942
(Broadhurst, 1956, p. 11) and Nevada in 1966 (Skillings
Mining Review, 1968). In 1976, the Bureau of Mines
reported that the United States provided nearly 80% of the
world lithium demand (Quan, 1976). In 1984, lithium
carbonate production began in Chile (Foote Prints, 1984). In
the past 2 years, lithium carbonate production has shifted
from the United States to South America with two new
operations coming onstream, a second operation in Chile in
1996 (Minsal S.A., 1996), and afacility in Argentinain 1997
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(FMC Corp., 1999, p. 28).

The mgjority of lithium end uses require lithium as one of
its compounds rather than in the metallic form. Although a
few lithium chemicals require lithium metal for their
production, the metal used to produce the chemicals is
produced and converted by the same company and so is not
sold and does not enter the market or affect the prices of
commercia lithium meta products (Lithium Corporation of
America, 1985, p. 4). The changes in lithium metal prices
appear to be independent of any significant events. Although
lithium metal prices werefirst reportedintrade publicationsin
1952, demand was very low (Arundale and Mensch, 1952).
Small quantities were used as scavengers in the production of
low-oxygen copper aloys, but other uses were just beginning
to be investigated (Arundale and Mensch, 1952).

From 1952 to 1974, lithium pricesremained flat interms of
current dollars; in terms of constant dollars, however, prices
decreased. The potentia use of lithium in batteries for



electric vehicleswasfirst discussed in the Minerals Y earbook
in 1972 (Wininger, 1972). The downward trend in lithium
metal prices reversed in 1974. At about the same time,
research efforts increased for identifying aluminum lithium
aloys for use in aerospace applications. Increased demand
for lithium in batteries and alloys resulted in steadily
increasing lithium metal prices since that time.

The growth in the demand for lithium metal, however,
cannot be quantified. Because lithium has been a small
industry with very few major producers, published
information on production and markets is hard to find. One
estimate places the use of lithium in batteries at 7% of the
lithium market of about 2,600 metric tonsof contained lithium
in the United States in 1996. Lithium required for dloys is
less than 2% of consumption (Harben and Edwards, 1997).

The use of lithium in batteries should continue to expand,
but not necessarily in the form of lithium metal. The
requirement for lithium metal for those batteries may grow
more dowly asbattery makers search for the optimum battery
chemistry, balancing energy density, cost, and safety.
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Yearend Average Lithium Price
(Dollars per pound*)

Year Price Year Price Year Price Year Price
1952 9.85 1964 9.00 1976 11.60 1988 26.70
1953 11.00 1965 9.00 1977 11.60 1989 28.30
1954 11.00 1966 7.50 1978 13.20 1990 30.00
1955 11.00 1967 7.50 1979 15.65 1991 31.50
1956 11.00 1968 7.50 1980 17.15 1992 32.45
1957 11.00 1969 7.75 1981 20.65 1993 33.60
1958 9.00 1970 8.18 1982 20.65 1994 35.98
1959 9.00 1971 8.18 1983 21.70 1995 39.05
1960 9.00 1972 8.18 1984 22.70 1996 40.60
1961 9.00 1973 8.18 1985 24.20 1997 43.33
1962 9.00 1974 9.38 1986 24.20 1998 43.33
1963 9.00 1975 11.10 1987 25.45

! To convert to dollars per kilogram, divide by 0.454.

Note:

1952-57, 98%-pure lithium metal, in E&MJ Metal and Mineral Markets.

1958-65, 99.5%-pure lithium metal, in E&MJ Metal and Mineral Markets.

1966-71, Standard or technical grade lithium of at least 99.8% purity, in Oil, Paint, and Drug Reporter.

1972-77, Standard or technical grade lithium of at least 99.8% purity, in Chemical Marketing Reporter.

1978-90, Producers average list price for standard or technical grade lithium of at least 99.8% puirity.

1991-94, Average of producer and published prices for standard or technical grade lithium metal of at least 99.8%

purity, in Chemical Marketing Reporter.

1995-96, Producers’ average list price for standard or technical grade lithium of at least 99.8% purity.
1997-98, Standard or technical grade lithium of at least 99.8% purity, in Chemical Market Reporter.
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Magnesium
by Deborah A. Kramer

Yearend Primary Magnesium Price
(Dollars per pound)
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Significant events affecting magnesium prices since 1958
1974-79 Increased energy costs and rapid inflation boost prices
1987-88 Tight supply of magnesium because of increased aluminum consumption
1991 Antidumping and countervailing duty investigations of magnesium imports from Canadainitiated; dissolution of the
Soviet Union
1994 Antidumping duty investigation initiated on magnesium imports from China, Russia, and Ukraine

Because of its military applications, World War |1 brought
increased demand for magnesium. From 1941 through 1944
supplies of magnesium were alocated to manufacturers of
military components. Seven Government-owned plantswere
brought on-stream during World War |1 to supply the military
demand, and prices were controlled from 1943 through 1945
by the Office of Price Administration.

After the end of the War, the price controls were lifted, and
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consumer demand was not great enough to sustain the war-
time production levels. The rearmament program, between
1947 and 1953, brought a rise in consumption, but when
military supplies were replenished, demand declined
significantly, and the Government-owned plants were closed.
Because the large demand was not sustained, prices after
World War |1 remained constant.

In the 1950's and early 1960’ smagnesium pricesremained



steady. Development of new rolling techniques and new
alloys helped increase magnesium’s usage, particularly in
machinery and transportation equipment. By maintaining
magnesium’s price at a constant level, these industries were
encouraged to use magnesium components. From 1964
through 1974, magnesium that had been acquired for the
National Defense Stockpile in the early 1950’ s was released
because magnesium was removed from the list of strategic
and critical materials. This stockpile release provided an
additional source of magnesium to supply the growing
demand, which kept prices stable.

In 1974, a combination of increased energy costs, rising
inflation rates, and the surge in use of aluminum beverage
cans, which contain magnesium, led to a dramatic price
increase. The price of magnesium nearly doubled within 1
year. Effects of rapid inflation rates continued to be felt
through the remainder of the 1970's and into the early
1980's. Asinflation rates decreased, the price of magnesium
stabilized. In 1987 and 1988, magnesium suppliestightened as
aluminum consumption increased. Because magnesium’s
principal use was as an aloying addition to aluminum, itsuse
was directly related to aluminum consumption. In addition,
high-purity magnesium aloyswere developed as ameasureto
increase domestic consumption, particularly in automobiles.
This supply shortage led to increased magnesium prices from
1987 to 1988.

In early 1990, North American production increased with
the opening of a new 40,000-metric-ton-per-year plant in
Canada (Metals Week, 1990). Much of the Canadian
production was imported into the United States, dleviatingthe
supply shortage. As a result, producers quoted prices
dropped in 1990, and by the end of 1991, press reports
indicated that the actual sdlling price of primary magnesium
was about $1.10 to $1.20 per pound. These low prices
prompted one of the U.S. producers to request countervailing
and antidumping duty investigations into imports of
magnesium from Canada in September 1991; as a result of
this action, magnesium imports from Canada essentialy
ceased.

With the dissolution of the former Soviet Union at the end
of 1991, however, new suppliers entered the world market.
Because of stockpilesthat had been built up over many years,
Russia and Ukraine had significant quantities of magnesium
available to exchange for hard currency in the world market.
In spite of the cessation of magnesium imports from Canada,
U.S. imports were strong because of the increased supply of
metal, particularly from Russia. As a result, U.S. prices
dropped significantly in 1992, and a two-tier price systemwas
established—aU.S. import priceanda U.S. transaction price,
which reflected the prices charged by the U.S. producers.

By mid-1992, the U.S. Internationa Trade Commission
(ITC) had established antidumping and countervailing duties
on magnesium imported from Canada, so this materia
essentiadly was eiminated from the U.S. market (U.S.
Department of Commerce, 1992). Imports of magnesium
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from Canada were approximately replaced by imports from
Russia, so the change in U.S. magnesium supplies was not
sgnificant, and as a result, the U.S. price moderated during
1992 and 1993.

Low unit vauesfor magnesium imported from Russia and
Ukraine prompted one U.S. producer to request an anti-
dumping duty investigation of magnesium imports from these
two countries, as wdl as from China, in mid-1994. This
resulted in a cessation of magnesium imports from these
countries.  As domestic demand, mostly for magnesium
components for automotive applications, continued to
increase, the elimination of imported magnesium from
Canada, China, Russia, and Ukraineledtotight U.S. supplies.
As aresult, the price began to increase.

Supplies remained tight though most of 1995, and by mid-
year, the price escalated to its highest level since magnesium
was first produced in 1915.

The I TC established final antidumping determinations in
April 1995 for magnesium imports from China, Russia, and
Ukraine (U.S. Department of Commerce, 1995a, b, c).
Because the antidumping duty on Russian magnesium was
established at 0% for al the large producers (as long as they
imported the magnesium through specified importing
companies), magnesium again could beimported from Russia,
which had been the United States largest magnesium
supplier.

By 1996, the price began to drop as Russian magnesium
returned to the U.S. market. At the same time, the
countervailing duties on magnesium imports from Canada
dropped enough so that Canada began exporting significant
guantities of magnesium dloy into the United States. With
these sources of imported material, the United States experi-
enced an oversupply of magnesium, and prices dropped
dramatically by yearend 1996. Also in 1996, the United
States imported more magnesium than it exported for the first
time in more than 20 years.

The United States continued to rely on imports of
magnesium to meet its increasing demand, so U.S. prices
continued to weaken dlightly through 1998, although they
were returning to more normal levels from the 1995 price
spike. World supply in 1997 and 1998 also increased with
production from a new 27,500-ton-per-year primary
magnesium plant that had been commissioned at the end of
1996 in Israel (Platt’s Metals Week, 1997).
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fair value—Pure magnesium and alloy magnesium from the

Yearend Primary Magnesium Price
(Dollars per pound?)

Year Price Year Price Year Price Year Price
1915 5.03 1936 0.26 1957 0.3625 1978 1.01
1916 4.13 1937 0.30 1958 0.3625 1979 1.09
1917 2.02 1938 0.30 1959 0.3625 1980 1.25
1918 1.81 1939 0.30 1960 0.3625 1981 1.34
1919 1.83 1940 0.27 1961 0.3625 1982 1.40
1920 1.60 1941 0.23 1962 0.3625 1983 1.38
1921 1.60 1942 0.23 1963 0.3625 1984 1.48
1922 1.60 1943 0.21 1964 0.3625 1985 1.53
1923 1.25 1944 0.21 1965 0.3625 1986 1.53
1924 1.07 1945 0.21 1966 0.3625 1987 1.53
1925 0.86 1946 0.21 1967 0.3625 1988 1.63
1926 0.80 1947 0.21 1968 0.3625 1989 1.63
1927 0.68 1948 0.21 1969 0.3625 1990 1.43
1928 0.55 1949 0.21 1970 0.3625 1991 1.43
1929 0.57 1950 0.25 1971 0.3625 1992 1.50
1930 0.48 1951 0.25 1972 0.3725 1993 1.46
1931 0.30 1952 0.27 1973 0.3825 1994 1.63
1932 0.29 1953 0.27 1974 0.75 1995 2.09
1933 0.28 1954 0.28 1975 0.82 1996 1.75
1934 0.26 1955 0.325 1976 0.92 1997 1.65
1935 0.26 1956 0.3525 1977 0.99 1998 1.57

1 To convert to dollars per metric ton, multiply by 2,204.62.

Note:

1915-34, Producers' average selling prices for 99%-pure magnesium bars.

1935-56, Producer price for 99.8%-pure magnesium ingot, in Engineering & Mining Journal.
1957-91, Producer price for 99.8%-pure magnesium ingot, in American Metal Market.

1992, U.S. transaction price for 99.8%-pure magnesium ingot, in Metals Week.

1993-98, U.S. spot Western price for 99.8%-pure magnesium ingot, in Platt's Metals Week.
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Manganese
by Thomas S. Jones

Annual Average 48%-50% Manganese Ore Price
(Dollars per metric ton unit, c.i.f.)
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Significant events affecting manganese ore prices since 1958

1960's

Production begins from the Groote Eylandt deposit in Australiaand Moandadeposit in Gabon and potential of deposits

in South Africa’s Kalahari Field beginsto be recognized

1965-78
1973-74
1974, 1978,
1981
Early 1980's
1980's
1983-90
1991

Releases of stockpile excesses
High levels of steel production

Sharp increasesin ail price
Economic recession, strong U.S. dollar

Dissolution of the Soviet Union

Adoptionof steel making technol ogy that significantly reducesamount of manganese required per tonof steel produced
Significant imports of high-grade ore by Chinaand the Soviet Union

This discussion of manganese price is based on the price of
manganese units in metalurgical-grade ore, for which a
lengthy history exists. Manganese is used mostly in the
production of iron and steel. Manganese metal, a minor
component of overall manganese demand, is a brittle
substance that haslittle use except asan alloying element. The
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most important metallic materials containing manganese are
the manganese ferroaloys, of which high-carbon ferro-
manganese and silicomanganese have the greatest uses. The
value of manganese in upgraded forms reflects the extraction
cost so that for materials used in the United States in 1997,
the ratio of price per manganese unit as contained in



upgraded form versus that in ore was 2.5:1 for high-carbon
ferromanganese, 2.6:1 for silicomanganese, and 10:1 for
manganese metal (Jones, 1998). Price trends for these
materials do not necessarily parallel those for ore because of
differences in such factors as world structure and number of
suppliers and also because most ore usage is by way of
ferroalloy smelters.

No central exchange has existed for setting the price of
manganese ore. Rather, prices have been established by
negotiation between buyers and sellers, taking into account
such factors as content of elements other than manganese,
physical character, quantity, and, of considerable significance,
ocean freight rates. Trade journals have published prices
reflectingtheir sense of themarket. Thesejournalsmainly list
the pricefor metalurgica-gradeore; pricelistings for oreused
in battery and so-called chemical applicationsare fragmentary
or nonexistent. The benchmark price for metallurgical-grade
oreisfor relatively high-grade ore with a manganese content
in the range of 48% to 50%. Prices stated herein for
metallurgical-grade ore generally meet that standard, although
thismay not be strictly true throughout the entiretimeinterval
tabulated, particularly when the countries that are dominant
sources of ore change.

The unit pricing system is used with manganese ore to
accommodate variations in manganese content. For some
years now, the metric ton unit has been used; formerly,
pricing had been based on the long ton unit. A unit is /100,
or 1%, of the weight unit, so that 1 metric ton unit
corresponds to 0.01 metric ton, or 10 kilograms, of
manganese. To obtain the price of a metric ton of ore, the
metric ton unit price is multiplied by the percent manganese
content of the ore. For example, an ore priced at $2 per
metric ton unit that contains 50% manganese would have a
vaue of $2 x 50 = $100 per ton. At the price level of $2 per
10 kilograms of manganese, the value of the manganese
content of the ore also could be expressed as 20 cents per
kilogram of manganese-in-ore.

The larger year-to-year users of manganese ore have
tended to maketheir purchases by means of annual contracts,
which have been much more important than spot contracts.
The U.S. market was once the largest for manganese ore so
that prices tended to be set in the latter part of the calendar
year for the next year's shipments. With the decline in
smelting of manganese ferroaloys in the United States,
however, the Japanese have been the key factor in setting
annual prices for a number of years. The timing of price
negotiations has tended to revolve around the Japanese fiscal
year, which begins on April 1. After the price to Japanese
consumers is set at about that time, settlements on a similar
basis usualy follow esewhere (Carmichael, 1992).

Between 1959 and 1998, manganese ore price exhibited
peaksin 1981 and 1990 and valleysin 1969, 1987, and 1994-
95. The average annual rate of advance in price throughout
these four decades has been about 4.8%; since the late
1960's, ore price has advanced at a6.7% annual rate. These

rates of advance might be compared with those for the
Consumer Price Index (CPI), which grew at an annual rate of
5.3% during this time period. The CPI grew at an annual rate
of 8.6% during the 1970's, but since the early 1980's, it has
been advancing at an annua rate of only 3.6%.

The downward trend in ore price between 1959 and 1969
was a continuation of a recession from a then-record high
price in 1957. This was about the time that the Suez Canal
was closed briefly and that shipments began from the Amapa
deposit in Brazil, an important new source of manganese.
Between 1951 and 1959, the U.S. Government had stock-
piled manganese ore from foreign and domestic sources.
Beginning in the mid-1960's, however, the Government sold
sizable quantities of excess ore so that the stockpile effectively
became amedium-size“mine.” Stocksof metallurgical-grade
ore that had been more than 9 million tons in 1969 were
reduced to less than 4 million tons by 1978 (DeHuff, 1971,
1980). Alsointhe 1960's, development of several significant
mostly new manganese deposits contributed to declining ore
prices and ateration of the international supply pattern for
manganese ore. Two of these were the Groote Eylandt
deposit in Audralia's Northern Territory and the Moanda
deposit in Gabon, both of which were developed into large
surface mines (DeYoung, Sutphin, and Cannon, 1984).
During the 1960’ sand 1970’s, several major mines based on
the enormous manganese deposits of the Kalahari Fidd in
South Africa’ sNorthern Cape Province were opened, typified
in the north by the Black Rock Mine and in the south by the
Mamatwan Mine (Coffman and Palencia, 1984).

The decliningtrend of ore price in the 1960" swas replaced
by an even steeper upward trend in the 1970's. The low of
$0.49 per metric ton unit in 1969 was followed by prices of
about $1.40 per metric ton unit between 1975 and 1979.
Contributing factors were the comparatively high rates of
domestic and internationa steel production, especidly in
1973-74, and the shock effects of ail price increases between
1974 and 1981.

After an ore price of nearly $1.70 was attained in 1980-81,
the direction of the trend again reversedin 1982 with onset of
aworldwiderecession. Intheearly 1980's, the more-efficient
use of manganese in steelmaking depressed demand for
manganese. For example, by changing the way in which pig
iron was converted into steel, domestic steelmakers reduced
their unit consumption of manganese in steelmaking by about
one-fifth within about 2 years. This reduction was much
larger than the steel -rel ated growth in manganese demand that
otherwise would have been expected, ordinarily about 1% per
year. The U.S. ore price in the early 1980's was also
depressed by the relative strength of the dollar in relation to
other currencies.

After having decreased to $1.27 per metric ton unit as of
1987, ore price rose sharply to three consecutive dl-time
record highs in terms of current dollars between 1988 and
1990, concurrent with recovery of domestic and world steel
production. Prior to the recovery in steel production, the



nature of the internationa manganese ore market was
changed when the then-U.S.S.R. and Chinabegan importing
substantial quantities of ore in 1983 and 1984, respectively.
The imports were from such countries as Australia, Brazil,
and Gabon, whose traditional principa export markets were
Japan, Western Europe, and the United States. With so few
competitors on the supply side, the market constituted an
oligopoly. An apparent shortage of high-grade ore that
developed because of unusually large ore purchasesled to a
price of $3.78 per metric ton unit in 1990, the record high to
the present.

Prices generally have receded since the 1990 peak. One of
the main reasons was dissolution of the former U.S.S.R. in
1991 and the subsequent contraction of industrial production
in its successor republics; this caused the developing ore
market to disappear within a short period of time. Another
factor was the reactivation of mining or development at
known deposits, asin Western Audtraia (Chadwick, 1991);
this led to modest additions to supply from what might be
termed “mini-mines,” which nevertheless had a significant
impact on price negotiations.

During the 1990's, a continuing trend, often on an
international scale, has been the integration of mine
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productionwith ferroaloy production, which hasthe potential
to affect the way ore is priced in the future.
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Annual Average 48%-50% Manganese Ore Price’
(Dollars per metric ton unit, c.i.f. U.S. ports)?

Year Price Year Price Year Price Year Price
1910 0.26 1933 0.41/0.19 1956 1.49/1.44 1979 1.38
1911 0.26 1934 0.45/0.23 1957 1.61/1.56 1980 1.67
1912 0.25 1935 0.47/0.25 1958 1.25/1.19 1981 1.69
1913 0.25 1936 0.37/0.26 1959 1.02/0.97 1982 1.56
1914 0.26 1937 0.55/0.44 1960 0.98/0.93 1983 1.36
1915 0.31 1938 0.47/0.36 1961 0.98/0.93 1984 1.40
1916 0.49 1939 0.43/0.32 1962 0.95/0.90 1985 1.41
1917 0.96 1940 0.62/0.51 1963 0.85/0.80 1986 1.32
1918 1.25 1941 0.76/0.65 1964 0.71/0.68 1987 1.27
1919 0.65 1942 0.83/0.72 1965 0.72 1988 1.75
1920 0.66 1943 0.83/0.72 1966 0.75 1989 2.76
1921 0.28 1944 0.78/0.67 1967 0.66 1990 3.78
1922 0.31 1945 0.84/0.73 1968 0.59 1991 3.72
1923 0.63/0.41 1946 0.77/0.66 1969 0.49 1992 3.25
1924 0.60/0.38 1947 0.69/0.58 1970 0.53 1993 2.60
1925 0.64/0.42 1948 0.70/0.64 1971 0.59 1994 2.40
1926 0.60/0.38 1949 0.77/0.71 1972 0.59 1995 2.40
1927 0.60/0.38 1950 0.96/0.91 1973 0.64 1996 2.55
1928 0.59/0.37 1951 1.18/1.12 1974 0.89 1997 2.44
1929 0.53/0.31 1952 1.33/1.27 1975 1.36 1998 2.40
1930 0.49/0.27 1953 1.25/1.19 1976 1.43

1931 0.46/0.24 1954 1.00/0.95 1977 1.46

1932 0.43/0.21 1955 1.08/1.02 1978 1.38

1 Values to the left of the slash include U.S. duty.
2 C.i.f denotes cost, insurance, and freight.

Note:

1910-37, calculated from U.S. Geological Survey and Bureau of Mines, 1940, Report upon certain deficient strategic minerals: U.S. Geological
Survey and Bureau of Mines, p. 8.

1938-41, Barbour, P.E., 1941, Manganese prices, production and imports: Mining and Metallurgical Society of America Bulletin 263, v. 34,
no. 5, December, p. 156-161.

1942-62, E&MJ Metal and Mineral Markets.

1963-77, American Metal Market.

1978-94, Manganese Commodity Specialist, U.S. Bureau of Mines (G.L. DeHuff and T.S. Jones).

1995-98, Manganese Commodity Specialist, U.S. Geological Survey (T.S. Jones).
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Mercury
by Robert G. Reese, Jr.

Annual Average U.S. Mercury Price
(Dollars per flask)
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Significant event affecting mercury prices since 1958

1971

Mercury declared ahazardous air pollutant by the U.S. Environmental Protection Agency

In the 20" century, the mercury price has been very
volatile. During the first haf of the century, the price
increased significantly threetimes. Theseincreases coincided
with periods of increased demand, namely, World Wars | and
Il and a period in the late 1920's of high prices established
and maintained by the Spanish-Italian mercury cartel—
Mercurio Europeo (Pennington, 1959, p. 47). Following
World War [, through the run to its peak price in 1965, the
volatility can be explained in part by mercury’'s erratic
demand and frequent overproduction. Sincetheearly 1970's,
the average price has generdly trended downward. Growing
awareness of health and environmental problems associated
with mercury haveresulted in numerousregulationsrestricting
or eliminating mercury use in various applications, and
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governing its ultimate disposal. These regulations have the
combined effect of lowering demand while at the same time
increasing the supply of secondary mercury. Asaresult, the
price has declined. Although it is believed that mercury
producers have attempted to use saes restrictions or floor
prices to stabilize or raise the price at various times during
these three decades, these efforts have failed other than for
very short periods.
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Annual Average U.S. Mercury Price

(Dollars per flask!)

Year Price Year Price Year Price Year Price
1899 43.63 1924 69.76 1949 79.46 1974 281.69
1900 51.00 1925 83.13 1950 81.26 1975 158.12
1901 47.00 1926 91.90 1951 210.13 1976 121.30
1902 48.03 1927 118.16 1952 199.10 1977 135.71
1903 41.32 1928 123.51 1953 193.03 1978 153.32
1904 41.00 1929 122.15 1954 264.39 1979 281.10
1905 38.50 1930 115.01 1955 290.35 1980 389.45
1906 40.90 1931 87.35 1956 259.92 1981 413.86
1907 41.50 1932 57.93 1957 246.98 1982 370.93
1908 44.84 1933 59.23 1958 229.06 1983 322.44
1909 46.30 1934 73.87 1959 227.48 1984 314.38
1910 47.06 1935 71.99 1960 210.76 1985 310.96
1911 46.54 1936 79.92 1961 197.61 1986 232.79
1912 42.46 1937 90.18 1962 191.21 1987 295.50
1913 39.54 1938 75.47 1963 189.45 1988 335.52
1914 48.31 1939 103.94 1964 314.79 1989 287.72
1915 87.01 1940 176.86 1965 570.75 1990 249.22
1916 125.49 1941 185.02 1966 441.72 1991 122.42
1917 106.30 1942 196.35 1967 489.36 1992 201.39
1918 123.47 1943 195.21 1968 535.56 1993 187.00
1919 92.15 1944 118.36 1969 505.04 1994 194.45
1920 81.12 1945 134.89 1970 407.77 1995 247.39
1921 45.46 1946 98.24 1971 292.41 1996 261.61
1922 58.95 1947 83.74 1972 218.28 1997 159.52
1923 66.50 1948 76.49 1973 286.23 1998 139.84

! To convert to dollars per kilogram, multiply by .029008.

Note:
1899-1986, 76-pound flasks, in Engineering and Mining Journal.

1987-93, 76-pound flasks, 99.99%-pure mercury, in Metals Week (through June 14, 1993).

1993-98, 76-pound flasks, 99.99%-pure mercury, in Platt’s Metals Week.

88



Mo

Molybdenum
by John W. Blossom

Annual Average Molybdenum Concentrate Price
(Dollars per kilogram molybdenum content)
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Significant events affecting molybdenum prices since 1958

1971-74 Price controls imposed by the U.S. Government, including metal products
1990-91 Persian Gulf War and recession
1991 Dissolution of the Soviet Union

From the period of the Greek and Roman civilizations to
the late 18th century, such terms as “molybdos’ or
“molybdaena” were applied to minerals that were soft and
“leadlike” in character; these minerds probably included those
now known as gaena, graphite, and molybdenite. This
confusion was resolved in 1778 when the Swedish chemist,
Karl Scheele, demonstrated that molybdenite, the principal
molybdenum mineral, was a discrete mineral sulfide. Four
years later, P.J. Hjelm of Sweden reduced the acid-forming
oxide of the metal by heating it with charcoal, thereby

producing an impure powder of the metal, which he named
“molybdenum.” Various properties of the element and its
compounds were determined during the 19th century, and in
1893, German chemists produced a 96%-pure metal by
reducing calcium molybdate. About this time, impure metal
was reported to have been used experimentally as a substitute
for tungsten in tool steels (Sutulov, 1965, p. 13-16).
Molybdenum-bearing armorplate was produced in France
in 1894; this was the first recorded use of the metal as an
alloying element in stedl. Soon thereafter, Henri Mossiam, a
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French chemist, succeeded in producing a 99.9%- pure metal
by reduction of molybdenum in an eectric furnace. Mossiam
then conducted studies to establish the element's atomic
weight and to determine its physical and chemical properties.
These studies stimulated interest in the metal and its
compoundsand investigationsof commercial applications. By
the late 1890's, molybdenum was used in certain chemicals
and dyes, and in 1898, a self-hardening molybdenum tool
steel was marketed (Schneider, 1963).

Since the early 1930's, industrial research and marketing
programs have considerably expanded the range of metal-
lurgica materids in which molybdenum is a preferred or
essential aloy ingredient. The use of molybdenum as a
refractory metal and in a variety of chemical applications has
also grown significantly (Sutulov, 1965).

The period from 1959 to 1970 resulted in steadily but only
dightly increasing prices. The 1970 price of molybdenum
was about 35% more than the 1959 price; the constant dollar
price remained nearly unchanged. From 1971 to 1974, price
controls wereimposed by the U.S. Government, and between
1970 and 1980 consumers presumed a shortage would
develop, but one did not materialize. The price of molyb-
denum did increase nearly six timesfrom its 1970 level, while
the spot priceincreased by eight times owingto relatively high

demand compared with that of the 1960's and early 1970's.
Consumers made inquiries about purchasing, as well as
actualy purchasing material in excess of their needs. This
action motivated the producers to develop additional
unneeded mine capacity that became amajor problem. The
new mines came on-stream about 3 years after the peak in
1980. Prices continued to decrease through 1986 but then
slowly increased for 3 years. Between 1992 and 1994, just
after the Persian Gulf War, the dissolution of the former
Soviet Union, and arecession, prices decreased yearly. The
pricein 1995 increased more than three timesthat of 1994, as
consumers again presumed a shortage would develop; again,
one did not materialize. The average pricein 1996 was about
40% lower than that of 1995. Asthe market stabilized, prices
remained about the same or increased dightly from 1996 to
1998.
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Annual Average Molybdenum Concentrate Price
(Dollars per kilogram molybdenum content)

Year Price Year Price Year Price Year Price
1912 0.45 1934 1.57 1956 251 1978 10.40
1913 0.67 1935 1.57 1957 2.64 1979 13.60
1914 2.24 1936 1.48 1958 2.67 1980 20.10
1915 2.24 1937 1.52 1959 2.80 1981 17.80
1916 2.24 1938 1.57 1960 2.80 1982 14.80
1917 3.16 1939 1.52 1961 2.90 1983 7.60
1918 3.27 1940 1.55 1962 3.00 1984 7.10
1919 2.58 1941 1.52 1963 3.00 1985 6.90
1920 1.12 1942 1.59 1964 3.30 1986 5.60
1921 1.57 1943 1.59 1965 3.50 1987 5.70
1922 0.49 1944 1.59 1966 3.50 1988 6.00
1923 1.70 1945 1.59 1967 3.60 1989 7.10
1924 2.02 1946 1.52 1968 3.60 1990 5.70
1925 0.90 1947 1.52 1969 3.70 1991 4.60
1926 1.57 1948 1.55 1970 3.80 1992 4.90
1927 1.70 1949 1.86 1971 3.70 1993 3.80
1928 2.24 1950 1.90 1972 3.70 1994 2.50
1929 1.12 1951 2.13 1973 3.60 1995 8.30
1930 1.23 1952 2.15 1974 4.40 1996 5.00
1931 0.94 1953 2.17 1975 5.50 1997 5.00
1932 1.12 1954 2.24 1976 6.50 1998 5.80
1933 1.68 1955 2.31 1977 8.00

Sources: Prices for the period from 1912 to 1955 were published by the U.S. Bureau of Mines, but origin is undetermined. E&MJ Metal
and Mineral Markets (1956-66). Metals Week (1967-92). Platt's Metals Week (1993-98).
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Significant events affecting nickel prices since 1958

1966 Western Mining Corp. discovered nickel sulfide mineralization at Kambalda, Western Australia, triggering extensive
exploration of the greenstone belts between Norseman and Wiluna

1969 Canadian labor strike led to a severe spot shortage of nickel and a sixfold increase in the price of cathode

1972 Fal conbridge Dominicana C. por A. commissioned its ferronickel smelter at Bonao, Dominican Republic

1977 P.T. International Nickel Indonesia (P.T. Inco) commissioned its Soroako mining and smelting complex on the
Indonesian island of Sulawesi; laterite mining began in Guatemala

1978-79 Labor strike in the Sudbury District of Ontario reduced Canadian mine output by more than 40%

1979 Nickel became the seventh metal traded on the London Metal Exchange (LME)

1981-82 A worldwide recession caused nickel demand and pricesto fall sharply

1987-88 The Government of the Dominican Republic levied a substantial export duty on ferronickel; Falconbridge
Dominicana countered by limiting ferronickel shipments and declaring force majeure

1987-89 Supply shortages; Stainless steel production in the Western World passed the 10-million-metric-ton-per-year mark

1991 Dissolution of the Soviet Union followed by a sharp rise in exports of Russian nickel

1993 Voisey’s Bay nickel-copper deposit discovered in northeastern Labrador by diamond prospectors

1999

Australia

The Murrin Murrin laterite mine and two other pressure acid-leaching operations came onstream in Western

During the 17" century, German miners had difficulty
processing certain copper sulfide ores because of an
asociated minera that they called kupfernickel, or “Old
Nick’'s copper.” The troublesome mineral turned out to be
nickel arsenide and is known today as “niccolite’ or
“nickdine” In 1751, Axel Fredrik Cronstedt isolated a
previousy unknown chemical element from niccolite. This
element was subsequently named “nickel.” Nickel wasmined
on only a limited scale until the large lateritic nickel deposits
in New Caedonia came into production about 1875 (Boldt
and Queneau, 1967, p. 61-65). The first nickel operations
processed sulfide ores—primarily in Canada, Central Europe,
China, Pennsylvania, and Scandinavia. Nickel had little
economic or industrial significance until 1820 when Michael
Faraday succeeded in making synthetic meteoric iron by
adding nickel to pure iron. Faraday’s aloy was the fore-
runner of nickel stedl, afamily of ferrous alloysthat continues
to play an important role in industrial development. One of
the first uses of nickel steel was for ordnance. Nickel-steel
armor plate was first produced commercialy in France in
1885 (Hal, 1954). Competitiveness trials of nickel-steel
armor took place in the United Statesin 1890-91, and within
a few years, Bethlehem Iron Co. (forerunner of Bethlehem
Steel Corp.) was producing large nickel-steel guns for the
U.S. military (Wharton, 1897). The nickel steels developed
beforeWorld War | contained only 1.5% to 4.5% nickel, with
a carbon content of 0.2% to 0.5% (Hess, 1917). Other
important early uses were bridge structures, railroad rails,
axles, ship propeler shafts, and automobile engine parts
(Cammen, 1928). The first commercial chromium-nickel
steel—and one of the first grades of stainless steel—was
made at St. Chamond, France, in 1891. Like nickel-stedl
armor, chromium-nickd-steel armor proved to be much
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superior to the carbon-steel plate then in use, triggering
extensive production of the new type of steel (Hall, 1954, p.
1-62).

In the late 1990's, stainless steel production accounts for
more than 60% of world nickel consumption and is the
primary factor in nickel pricing. Stainless steel is defined as
an iron dloy that contains at least 11% chromium. Nicke-
bearing stainless steels are termed “austenitic”, a referenceto
their characteristic solid solution microstructure, and typicaly
contain between 6% and 22% nickel—with 18% chromium
and 8% nickel being the most common composition. In the
Western World, total stainless steel production has grown at
about 6.1% per year since 1950 (Inco Limited, 1998, p. 3-8).
Since 1985, the austenitic share of Western stainless steel
production has accounted for about 75% of total stainless
output, the rest being ferritic or martensitic. In recent years,
the austenitic percentage for the United States has ranged
from 63% to 67% because its steel plants produce significant
amounts of ferritic stainless for the North American auto-
mobileindustry. Since 1970, demand for stainless steel in the
United States has grown at a much faster rate than that of
carbon stedl but still constitutes only 2% of total U.S. raw
sted production. For the next 20 years, stainless steel
production is expected to continue to play a prominent role in
determining nickd price levels.

Like petroleum, nickel is a critical commodity in wartime.
Nickd, as well as cobalt, is needed to make superalloys for
engines that propel jet aircraft and guided missiles. Pure
nickel is used in high-performance batteries, such as those
that start jet engines or power satellites. Austenitic stainless
stedd and nickel-base superalloys are commonly used if
chemical corrosion is a serious problem, such as on
submarines and surface naval vessels or at food-processingor



petroleum-storage  facilities. Merchant nickel prices
traditionally spike in wartime when demand far exceeds
supply and frequently rise in times of political unrest and
instability. Producer prices, in contrast, have been frozen in
several crises by war-production boards or emergency price-
control regulations.

The Korean Conflict is agood illustration of price spiking
and distribution controls. During thetransition fromacivilian
to adefense economy, demand for nickel exceeded available
supply even though North American nickel minesand plants
were operating at full capacity. At the outset of the conflict,
the U.S. Government took control of the distribution of
nickel, and from 1951 to 1957, dl nickel in the United States
was under Government dlocation. At the same time, the
Government dso acquired nickel for the nationa strategic
stockpile. The combination of these actions resulted in a
severe shortage of nickel for nondefense uses (Davis, 1956).
Shortages continued throughout the conflict despite the
addition of significant new production capacity in Canada and
the United States and the rehabilitation of a number of older
minesand plants. Moreover, the U.S. Government continued
to purchase nicke for the strategic stockpile after the conflict
ended. As aresult, supply did not exceed civilian demand
until the latter part of 1957, 4 years after the armistice. The
producer price of nickel—tracking consumption—began a
gradual risein 1950 and did not peak until 1957. A period of
oversupply followed, during which quoted producer and
merchant prices for nickel approximately paraleled inflation.
This situation produced a constant-dollar price for the metal
that was fairly stable for more than 10 years.

In 1969, the Canadian nickel, copper, and iron ore
industries were shut down by a prolonged series of labor
strikes. Canada was the dominant nickel-producing country
in the world at the time. Canada's two largest producers,
Inco Limited and Falconbridge Limited, accounted for 48% of
world production the previous year. Because of the strikes,
Canadian nicked production was almost 20% less than that of
1968 (Morrdl, 1971). The strikes took place at a point in
time when globa stocks were low and world demand was
restricted by available supply.

The 1969 strikes affected nickel prices in two ways.
Beforethe strikes, the major producers, led by the Canadians,
controlled the nickel price. The short-term effect was a brief
price increase. The long-term effect was to diminish the
importance of the producer price. Canadian and non-
Canadian producers accelerated efforts to expand existing
operations and to bring greenfield projects onstream before
prices weakened. Between 1969 and 1974, new mines and
processing plants were commissioned in Australia, Canada,
the Dominican Republic, and New Caedonia. The increased
capacity resulted in areduction of the Canadians' share of the
world market and, thus, their influence on prices—a turning
point in the history of nickel marketing.

Inthe mid-1970's, Western Mining Corp. Ltd. (now WMC
Ltd. of Southbank, Victoria) sharply expanded its mining
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operations in the Kagoorlie region of Western Australia.
Austrdiais now the third largest nickd producer in the world
because of additional discoveries in Western Austraia, the
subsequent construction of a major natural gas pipeline from
the North West Shdlf to Kagoorlie, and the advent of new
extraction technologies (Government of Austraia, 1999).

Nicke prices, reflecting consumption, rose dightly from
1970 until 1975, when the cumulative effect of opening
several new production fecilities began to be felt. In 1975,
U.S. demand for nickel weakened, partially because of the
termination of U.S.-led military operations in Vietnam. In
1977, P.T. Inco commissioned its Soroako mining and
smelting complex on the Indonesian idand of Sulawed,
bringingadditiona metal into the marketplace. Anoversupply
situation and declining consumption caused prices to remain
flat until the Inco strike of 1978-79. The strike at Inco's
operationsin the Sudbury Digtrict lasted from September 16,
1978, to June 3, 1979 (Inco Limited, 1980, p. 4-9). Between
February 1979 and the end of the year, Inco raised its Port
Colborne price for cathode six times. The effect of the Inco
strike on prices was compounded by the fact that major
producers had been operating at 55% to 60% of capacity to
reduce inventories and to improve the price situation.

The Inco strike helped accelerate major changes in nickel
pricing. In spring 1979, nickel became the seventh metal
traded on the LM E—marking amajor turning point in pricing
of themetal. Today, nickel prices are set by the LME rather
than by the producers. Since 1979, nickel has become a
commodity whose price is driven by world supply and
demand, irrespective of production costs. Many consumers,
as well as producers, were opposed to LME trading at the
time. Most, however, would now agree that the LME is a
practical and effective forum for establishing an international
reference price for nickel, improving price transparency, and
rapidly disseminating price data. It is difficult to say how
much nickel, probably a smal proportion, actualy sdlls at the
LME price. The LME price has more importance than
appears at first glance because it is used as a reference price
in long-term contracts. For example, a large nickel producer
might ask for a premium to the LME price, and asmaller one
might sell at a discount. Because of the LME, producer
prices became irrelevant in the early 1980's.

The Second Qil Cridgs (1979-82), triggered by the
revolution in Iran, had a major dampening effect on world
consumption of steel and most metals. The resulting
recession that beganin summer 1981 caused amarked decline
in nickel consumption. Nickel demand in the Western World
declined about 8% in 1981; this was the first time since the
late 1940's that demand had declined for two consecutive
years. The recession ended in November 1982, but prices
continued to weaken until 1985 because of slackening
demand. In 1987, the market suddenly changed direction,
catching producers off guard. The annual average price
surged from itslowest level ever in 1986 to its highest in 1988
(in terms of 1992 constant dollars for the period 1910-97).



The monthly average LME cash price rose gradualy from
$1.60 per pound at the beginning of 1987 to $2.69 in
November. In December 1987, it suddenly shot up to $3.48.
The rapid increase continued in 1988, with the monthly price
reaching $8.17 in April. These price levels would have been
unimaginable to the nickel market 4 years earlier. Three
factors were primarily responsible for theincrease. The first
was a substantial and unforseen increase in demand for
stainless stedl, the largest end use for nickel. More than 50%
of stainless steel production in the United States and Europe
is sold through service centers (companies that buy directly
from a stainless mill and sall to customers). Service centers
do not publish detailed sales statistics in terms of end use,
making it difficult for stainless producers to monitor con-
sumption of their product. The second factor was that nickel
producers reduced world production capacity because of low
metal prices during the early and mid-1980's. At least five
nickel producers closed operations during this period. A third
factor was the decreased availability of stainless steel scrap.

Although Western demand for nickel grew continuously
between 1985 and 1991, the LME price peaked in 1988 and
declined each year afterward until 1994. The reasonsfor this
paradoxical trend were threefold—the former Soviet Union
(FSU) began gradually increasing nickel shipments to the
West, scrap availability increased worldwide, and world
production of primary nickel increased.

The breakup of the Soviet Union in December 1991
produced massive changes in the Russian economy, one of
which was the partia privatization of the largest nickel
producer in the country, RAO Norilsk Nickel. At the same
time, the downsizing of the FSU military-industrial complex
caused nickel consumption within Russia to plummet. In
1997, Russia consumed only 20,000 metric tons of primary
nickel, compared with 180,000 tons in 1989 (International
Nickd Study Group, 1998). Russian consumption weakened
even more in 1998, dippingto less than 18,000 tons. These
changes led to a surge of primary nickel from Russia, putting
downward pressure on world prices for primary nickel and
nickel-bearing scrap. Russian exports of stainless steel scrap
and high-nickel scrap to the European Union (EU) also
sharply increased, further depressing world nickel prices.
Russia continues to maintain its position as the largest nickel
producer in the world despiteits difficult economic situation.
More than 90% of Russia's output currently (1998) comes
from minesoperatedinthe Arctic by Norilsk Nickel. Because
of internal demands within Russia for hard currency and the
depressed state of the Russian stainless steel industry, Norilsk
Nickel is expected to continue exporting the bulk of its
production to the West at least until 2005.

The Russian situation, the current recession in Japan, and
economic problems in other parts of East Asia have caused
the monthly LME cash price to decline from $3.20 per pound
in June 1997 to $1.76 in December 1998. Since 1997,
Western nickd producers have had to struggle to cut costsin
the face of weakening prices for the metal. Prices improved
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dightly in the first half of 1999, climbing back to the $2.25 to
$2.50 level. The commissioning of three nickel mining and
metallurgical complexesin Western Audtradia at the beginning
of 1999 is, however, expected to put renewed downward
pressure on prices. All three operations use variations of a
high-pressure acid leach process to extract nickel and cobalt
from limonitic lateriteores. The nickel isthen separated from
the cobalt by solvent extraction. Several analysts believed
that the three Australian complexes will have low operational
costs and will be extremely competitive because of their
cobalt byproduct credits.

Inco remains committed to the development of the huge
Voisey's Bay nickel-copper-cobalt deposit in northeastern
Labrador (Inco Limited, 1999, p. 20-21). In December 1997,
Inco submitted a comprehensive environmental impact
statement on the proposed mine and mill to Canadian
regulatory authorities. Since then, the Voisey’s Bay project
has undergone extensive environmental and socio-economic
scrutiny.  In March 1999, a special panel overseeing the
environmental review recommended that the project proceed,
subject to a number of stipulations. Complex and lengthy
negotiations are currently (1999) underway with the
Provincial Government and other key stakeholders. The
development of the deposit, which Inco acquired in 1995-96,
isexpected to have amajor impact on the world nickel market
sometime after 2003.

Pricing M echanisms for Nickel Metal

On April 23, 1979, nickel contracts were introduced for the
first time on the LME. Leading nickel producers at first
stiffly opposed the LME pricing mechanism. Nickel business
on the LME, however, steadily grew in spite of the
producers’ opposition, convincing the producers to reverse
their postion.  Producer participation has increased
considerably since 1985 because of the LME's hedging and
options capahilities. Today, LME prices are the principal
pricing mechanism used worldwide by producers and
consumers of nicke. LME prices and archival statistics are
available 24 hours a day at the LME website, thus minimizing
arbitrage. LME prices are also quoted by day in a variety of
weekly trade publications, including Metal Bulletin, Platt's
Metals Week, and Ryan’s Notes. In 1999, the LME pricing
system had the support of nine of the larger nickd producers
intheworld. Five of the nine are Associate Trade Members
of the Exchange—Inco; Falconbridge (through its principal
shareholder, Noranda Inc.); Outokumpu Oyj of Espoo,
Finland; Rio Tinto Plc. of London; and WMC. All five sl
metal that meets LME specifications. Metal produced by
Norilsk Nickel and the ERAMET Group—two other major
producers—has also been approved for delivery on LME
warrants, together with metal from Sumitomo Metal Mining
Co. Ltd. and severa smaler producers. QNI Limited of
Brisbane, Augtralia—the ninth company—recently became a
major player in the nickel market. QNI hastiesto the LME



through itsparent, BillitonPlc., but produces material unlisted
on the LME: sintered-nickel rondelles, nickel oxide powder,
nickel oxide granules, and ferronickel.

The principal purposeof theLME since itsopeningin 1877
has been to serve as afutures market, providing protection to
producers, traders, and consumersalikeagainst unpredictable
price fluctuations (Rudolf Wolff & Co. Ltd., 1995). The
LME has a membership of more than 100 firms. Of these,
15 take part in Ring dedling, which consists of open outcry
trading sessions that take place twice a day. Unlike other
futures markets, the LME also servesasacenter for physical
trading and has an international network of approved
warehouses. In the case of nickel, the bulk of the ware-
housingis done in the Netherlands at Rotterdam. The LME
is regulated by the British Treasury under the Financia
Services Act of 1985.

Hedging, a form of insurance available to producers and
consumers alike, is a key component of the futures market
and reduces a producer’ s exposure to price changes while the
raw nickel is moving through different processing stagesat the
producer’s facilities. To guard against sudden price move-
ments, the producer will hedge a planned physical transaction
by entering into an offsetting forward contract on the LME.
Theforward contract is often designed to mature at about the
same time as the physical sales date. Most hedged contracts
are bought or sold back before they mature. Only about 5%
of LME contracts result in an actual delivery.

Speculators play an important role in futures trading
because they bring liquidity to the market and assume the risk
that the hedger istryingto avoid. Because metals speculation
is a high-risk venture, only professional investors or
institutions with sufficient capital to withstand the risk are
normally allowed to participate. Option contractsgivehedgers
and investors more flexibility than a straight futures hedge.
The option alows the hedger to lock in a contract at a fixed
price but, at the same time, gives the hedger the flexibility to
abandon the option if a favorable price movement occurs.

Five different price series for nicke are available from the
LME:

e Cash

Settlement

3-month futures

15-month futures

27-month futures.

Prices are quoted at midday and at the close of the afternoon
session. Metal Bulletin and Platt’s Metals Week a so publish
dally LME mean or index prices. The data shown in the
accompanying table for the years since 1979 represent the
annua average cash price.

North American consumers have several other price series
that they can use in contract negotiations. For example,
Platt’s Metals Week and Ryan’s Notes compile and publish
their own copyrighted prices. Three of the Metals Week
pricesmost commonly quoted areNew Y ork Dealer Cathode,
New York Deder Mdting Grade, and New York Deder
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Plating Grade. The New Y ork Dealer Cathode price closely
tracks the LME cash price but is normally slightly higher
because it reportedly incorporates insurance and freight costs
incurred when cathode is transferred from LM E warehouses
in Europe to the East Coast. Prices for plating grades
typicaly carry apremium of 15 to 25 cents (U.S.) per pound,
and melting grade premiums are on the order of 5 to 15 cents
per pound (Platt’s Metals Week, 1972-98).

Pricing Mechanisms for Stainless Stedl Scrap

Nickel isless abundant than either chromium or ironin the
Earth’s crust because of nickel’s higher atomic number and
differences in the nuclear stability of the respective isotopes
of the three elements. As a result, on an elemental basis,
ferronickel is about 5 to 8 times more expensive than
ferrochromium and 30 to 50 times more expensive than pig
iron, depending upon the market situation at the time. As a
rule of thumb, austenitic (Ni+Cr) stainless steel scrap is
roughly three times more valuable than ferritic (Cr only)
stainless steel scrap. Because the highest value materia in
austenitic stainless steel is nickel, stainless sted scrap prices
cosely track those of nickel cathode except when ferro-
chromium is in short supply.

Almosgt al stainless steel produced in the United States is
made in eectric-arc furnaces. The majority of the stainless
steel production facilities are in Pennsylvania. Nickel-base
superalloys and other nickel-chromium alloys also are
commonly made in electric-arc furnaces. The characteristics
of the dectric furnace permit the operator to use a large
percentage of scrap, economizing on consumption of virgin
chromium and nickel.

The stainless steel scrap prices shown inthe accompanying
table were derived from daily data published by American
Metal Market. The datarepresent consumer buying pricesin
the Pittsburgh, PA, areafor austenitic stainless steel scrap and
are quoted in dollars per longton gross weight. The scrap is
in the form of bundles, solids, and clippings typicaly
containing 18% chromium and 8% nickel. Turnings of 18-8
alloy are more difficult to handle than bundles and fetch only
about 85% of the bundle price. American Metal Market also
publishes estimated pricesthat adealer, broker, or processor
would pay for 18-8 scrap delivered to yards in 10 different
areas of the United States plus the Montreal area of Canada.

Although many types of nickel scrap are recycled in the
United States, most isin theform of stainless steel. Stainless
steel scrap currently (1999) accounts for about 85% of
reclaimed nickel in the country. This includes scrap
consumed in foundries in addition to that used in raw
steelmaking. Scrap accounts for as much as 80% of total
feed materials at some European stainless steel production
facilities but typically 60% to 70% in the United States—the
remainder being ferroalloysor virgin metals. Thebulk of the
scrap is conventional austenitic or ferritic stainless sted. The
scrap is often blended and may include lesser amounts of low



aloy steel, superalloysand other high-nickel-chromium alloys,
and/or specialy-processed fines of high-carbon ferro-
chromium. A high scrapratio (i.e., ahigh percentage of scrap
in the total charge) reduces melting time and eectricity
consumption but makesfina chemical adjustmentsto the melt
more difficult. A few foreign mills have recently dropped
their scrap ratio down to 30% or 40% because of problemsin
purchasing quality scrap at a reasonable price.

Copper-nickel and superalloy scrap makeup alarge portion
of the remaining 15% of nickel reclaimedinthe United States.
Aircraft engine manufacturers return turnings, chippings, and
smilar forms of prompt superalloy scrap to superalloy
producers for remelting. Segregation of thesemateriasby the
enginemanufacturersisabsolutely critica. Becauseof quality
control concerns, part of the obsolete superalloy scrap
generated at aircraft engine repair facilitiesisdowngraded and
used to make stainless steel.
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